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CONFIDENCE 


The safety of speed depends largely upon the 


ee ee ae 


ability to stop. Skillful driving in traffic requires 
immediate brake response. 


In short, brake efficiency is the greatest factor 
of safety in motoring. 


Bendix Brakes, found on the majority of cars, 
have been selected because: 


1. Of their simplicity. 


2. Of their ease and permanence of ad- 
justment. 


3. Of their certainty of braking power. 


Bendix Brakes being entirely mechanical are 
correspondingly reliable, and their smooth, quick 
action brings to the motorist a sense of security 
and driving ease so necessary under the driving 
conditions of today. 


BENDIX BRAKE COMPANY 
SOUTH BEND, IND. 


(Division of Bendix Aviation Corporation) 





At the head of a line of cars with engines stopped 


because of a long delay — what a comfort it is to 
know that a “‘touch”’ is a start. The Bendix Drive 
has given to millions of drivers the utmost confi- 
dence in a quick, sure get-away. 


Starting a motor is quite a complicated me- 
chanical process but you needn’t give it a thought 


— the Bendix Drive takes care of all the necessary 






operations. 







Automatic in every action—it takes hold, cranks 
your engine—lets go when the engine starts, and 






protects the starter from damage in unintended 






operation. 







The easy and dependable starting provided by » 
the Bendix Drive has done much to develop con- | 






fidence —essential to driving pleasure. 






ECLIPSE MACHINE CO., ELMIRA, N.Y. 
WALKERVILLE, ONT. ~— Ff 









(Division of Bendix Aviation Corporation) ¥/f 


@ Fully protected 
by patents and 
applications in 


U.S.and abroad 
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Production Problems Considered 


Formulas for Determining Economical Quantities Presented at Produc- 
tion Meeting—Machine-Tool Forum—Dinner Address 


HIS year’s Annual Production 

Meeting of the Society, consisting 
of three evening sessions at the Hotel 
Cleveland, in Cleveland, on Oct. 2, 3 
and 4, brought forth a scientific method 
of ascertaining economical production 
quantities, a discussion of machine- 
tools, and an impressive Production- 
Dinner address on the changes wrought 
in human affairs by the inventiveness 
of engineers in various lines. The two 
technical sessions were well attended, 
and about 270 were present at the din- 
ner. Counter attractions of the Nation- 
al Machine-Tool Congress and Exhibi- 
tion during the week kept the produc- 
tion men so busy during the days that 
too little energy was left for active 
participation in evening discussions of 
serious manufacturing problems. 

Prof. Fairfield E. Raymond’s paper, 
Manufacturing Control Through Eco- 
nomic Size of Production Lots, which is 
printed in this number of the S.A.E. 
JOURNAL, is of a nature that calls for 
concentrated study rather than hasty 
discussion in an open meeting, but it 
has a wide application and, once assim- 
ilated, the method is not difficult to 
apply. 

Consideration of questions relating to 
the use of special and standard ma- 
chine-tools, the use of hydraulic feeds 
and antifriction bearings in them, the 
replacement of machines, and the syn- 
chronizing of automobile parts at the 
assembly line elicited written and oral 
discussion of debatable points of impor- 
tance, in which automotive production 
men and representatives of machine- 
builders took part. 

Mr. Schermerhorn’s wide-range ad- 
dress at the Production Dinner, which 
brought the meeting to a close, proved 
thoroughly enjoyable after a full week 
of investigation of equipment at the 
exhibition and attendance at sessions of 
the American Society of Mechanical 
Engineers and the S.A.E. The Cleve- 
land Sections of these Societies were 
hosts at the dinner, and their officers 
Served on the Reception Committee. 





Arouses Enthusiasm 


The general theme of Mr. Schemer- 
horn’s talk was the contrast of the old 
and the new orders among the vital 
forces of civilization, such as literature, 
the sciences, manufacture, transporta- 
tion, commerce and politics. His many 
years of experience as a keen observer, 
his humor and eloquent style, and the 
personal impressions gained by his very 
recent trip through Europe enabled him 
to present thoughts on new interna- 
tional relations in industry and com- 
merce that made a deep impression on 
all who heard him speak. 


The two hardest-working men at the 
S.A.E. meeting were E. P. Blanchard, 
Chairman of the Production Commit- 
tee, who officiated as Chairman at the 
first session and as Toastmaster at the 
dinner; and A. K. Brumbaugh, who 
as Chairman of the Production Forum 
made the ball of discussion gather 
momentum. John Younger, a member 
of the Production Committee, and David 
Ayr, of the Pratt & Whitney Co., were 
also very active in asking leading ques- 
tions, and several machine-tool men con- 
tributed valuable oral discussion. 





Finding Economic-Production Lots 


Professor Raymond Presents 
Formulas Applicable to 


7 EDNESDAY evening, Oct. 2, saw 
the opening of the Production 
Meeting of the Society, which was held 
in connection with the Machine-Tool 
Congress at the Cleveland Hotel, in 
Cleveland. The main effort of the meet- 
ing was given at this session, by Prof. 
Fairfield E. Raymond, of the Massa- 
chusetts Institute of Technology, who 
read his paper on Manufacturing Con- 
trol through Economic Size of Produc- 
tion Lots. 

Chairman Blanchard said that Pro- 
fessor Raymond had been prevailed 
upon to present the results of an ex- 
tensive research, which has been con- 
ducted during the last year with regard 
to the practical applications of eco- 
nomic-production quantities. Through 
illustrations drawn from the automo- 
tive industry, he brought out the fact 
that many processes are not continu- 
ous, and the paper was concerned with 
such non-continuous operations. It is 
printed in full in this issue of THE 
JOURNAL, beginning on p. 453. 

Reluctance to discuss the paper was 
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a Mathematical Method and 


Intermittent Production 


evident on the part of those who at- 
tended the meeting. This was voiced by 
Joseph D. Ceader, manufacturing en- 
gineer at the Nela Park plant of the 
General Electric Co., who remarked that 
the size of the unit quantity probably 
affects the design of machines, and the 
total production quantity affects the 
money that can be invested in the 
machines. Very definite relationships 
exist between mass production and 
standardization, mass production and 
the market, and mass production and 
price. The economies to be derived 
from mass production are cumulative. 
Success in producing cheaply makes 
possible the widening of a market and 
that, in turn, increases the income from 
production. This results in a greater 
appropriation for machine develop- 
ment, and the circle repeats itself. 
Markets cannot be widened indefi- 
nitely for every article by reducing the 
cost; but Mr. Ceader said that, al- 
though we may have no more real use 
for screw-drivers, we find it convenient 
to have more of them today, now that 





Meetings 


Calendar 


National Meetings of the Society 


Transportation—Nov. 12 to 15 
The Royal York, Toronto, Canada 
Los Angeles Aeronautic—Nov. 12 and 13 
\lexandria Hotel 
Annual Dinner—Jan. 9, 1930 


Hotel Pennsylvania, New York City 


Book-Cadillac 


Miami, Fla., Aeronautic—Jan. 14, 1930 


Annual—Jan. 20 to 24, 1930 


Hotel, Detroit 
St. Louis Aeronautic—Feb. 18 to 20, 1930 


Detroit Aeronautic—April 8 and 9, 1930 


November Section Meetings 


Buffalo Section—Nov. 15 


Statler Hotel 
Relation of Engineering to Service—Fred Wells, 
Service Manager, Pierce-Arrow Motor Car Co. 
Service Tools and Fixtures—Elsworth Boeck, Truck 
Equipment Co. 
Canadian Section—Nov. 14 


Royal York Hotel 
Host at Transportation Dinner of the Society 


Chicago Section—Nov. 5 
Hotel Morrison—H. L. Horning, Chairman 
Heavy-Oil-Engines—H. D. Hill, Hill Diesel En- 
representatives of Fair- 
American Car & 


gineering Co.; also 
banks, Morse & Co. 
Foundry Co. 


Cleveland Section—Nov. 13 


Hotel Cleveland—Dinner at 6.30 p. m. 
A B C’s of the Oil Business—Frank 
Chief Chemist, Kendall Refining Co. 


and 


Philipbar, 


Dayton Section—Nov. 12 
\pplication of Light Alloys to Aircraft-Engine Con- 
struction—G. D. Welty, Aluminum Co. of 


America 
Detroit Section—Nov. 4 
Book-Cadillac Hotel—Dinner at 6.30 p. m. 
Salesmen, Engineers and Buyers—A. C. 
General Purchasing Agent, Chrysler Corp. 


Downey, 


Detroit Section Aeronautic Division—Nov. 18 
Book-Cadillac Hotel 
Speakers—G. B. Grovener and T. H. Bane 


Indiana Section—Nov. 14 
Hotel Severin 
Development of Commercial Air-Transport—Paul 
Henderson, Curtiss-Wright Corp. 
Rapid Express and Mail Service by 
Lott, National Air Transport, Inc. 
Student Flying—Casey Jones, Curtiss Flying Service 
Diseussion on Airport Operation and Management— 
Indianapolis Airport Officials 


Air—E. T. 


Metropolitan Section—Nov. 21 
A. W. A. Building, 357 West 57th Street, New York 
City 
Front-Wheel Drives—W. J. 
New Era Motors 
Milwaukee Section—Nov. 6 
Front-Wheel M. Heldt, Chilton 


Journal Co. 


Muller, Vice-president, 


Drives—P. Class 
New England Section—Nov. 13 

Engineers Club, 2 Commonwealth Avenue, 

Fundamentals of Flight and Airplane Design—W. 
Lawrence LePage, Kellett Aircraft Corp. 
Northern California Section—Nov. 14 

Inspection Trip to Hall-Scott Motor Car Co. Plant, 
serkeley, Calif. 


Northwest Section—Nov. 9 


Joston 


Portland, Ore-——Preceded by Dinner 
The New Earl Aeronautic Engine—Harry W. Earl 
Pennsylvania Section—Nov. 19 
Joint Session with Engineers Club of Philadelphia 
Motor-Transport Development—F. J. Brackett, 
Yellow Coach Co. 
Possibilities of Diesel-Engine Application to Motor 
Transport—Speaker not announced 
Pittsburgh Section—Nov. 19 
William Penn Hotel 
Business Meeting 
St. Louis Section—Nov. 19 
Engineers Club of St. Louis 
Six-Wheel Trucks and Trailers—A. M. Wolf, Con 
sulting Engineer, New York City. 
Southern California Section—Nov. 12 and 13 
Alexandria Hotel 
Host at National Aeronautic Meeting of the Society 


Washington Section—Nov. 20 


Motor-Truck Meeting—Paul Linn, Chairman 


Wichita Section—Nov. 7 


Lassen 


Hotel 
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they can be bought at a 10-cent store, 
than we did when they cost many times 
as much as now. 


Professor Raymond 


said that the 


PRODUCTION PROBLEMS CONSIDERED 


a cost only 0.1 per cent greater than 
the minimum cost. Between $140,000 
and $200,000 could have been saved an- 
nually in that plant by the application 





E. P. 


BLANCHARD, CHAIRMAN, AND PROF. FAIRFIELD E. RAYMOND, SPEAKER, 


AT WEDNESDAY NIGHT’sS SESSION 


Professor Raymond Presented an Illustrated Paper, Giving Formulas for Determining 
Economic-Production Quantities 


study of economic-production quantities 
came to him as a vital problem during 
his experience in an industry in which 
all production was intermittent. Many 
other production men have the same 
problems to work out, but most of them 
avoid the mathematical method. By 
mathematics we put down in one letter 
what would otherwise require a para- 
graph to say. 

Annual production in one case, in 
neither the automotive nor machine-tool 
industry, was 2000 units, involving 
10,000 items of a similar nature. Com- 
putations by aid of the formulas showed 


of the chart given in Fig. 2 of the 
paper, without formulas or mathe- 
matics. 

Capital has been ignored heretofore 
that 4000 pieces cotild be produced at 
in the discussion of economic quantities. 
Many executives seem not to be aware, 
according to Professor Raymond, that 
there is a quantity much smaller than 
the minimum-cost quantity that is just 
as desirable a quantity to produce. 

The session closed with a motion- 
picture prepared by Professor Ray- 
mond, which illustrated points in con- 
nection with his paper. 





Production Forum Session 


Hydraulic Drives and Relative Advantages of Standard and 


Special Production Machines Are Discussion Subjects 


WO hundred or more members and 

visitors attended the second session 
of the Production Meeting, which was 
held on Thursday evening, Oct. 3. A. 
K. Brumbaugh, commercial engineer of 
the White Motor Co., of Cleveland, 
presided at this session, which was 
planned as an open forum on a list of 
production subjects. 

The first subject given was that of 
the application of standard machine- 
tools to automobile manufacture, and 
this was subdivided into three ques- 


tions: (a) Is the tendency toward 
standard machines, special machines, or 
standard machines with special equip- 
ment? (b) What volume of production 
warrants specialized machines? and (c) 
What effect does change in car models 
have on the selection of machine-tools? 

J. B. Armitage, chief mechanical en- 
gineer of the Kearney & Trecker Corp., 
of West Allis, Wis., when called upon 
to give prepared discussion on this 
subject, particularly on questions (a) 
and (c), said that changes in auto- 


mobiles are coming faster and faster, 
and the machine-tool manufacturers 
must arrange to put the new designs 
into production at the minimum cost. 
Machines must not be made for this 
year’s product and scrapped next year. 


Special Machines from Standard Units 


Standard machine-tools give the max- 
imum salvage value but are not practic- 
able for quantity production because 
they require too much handling of the 
work. The solution is to build the ne- 
cessary special machines as far as pos- 
sible from standard machines and their 
parts. When production is to be 
changed, Mr. Armitage counsels send- 
ing the machine back to its maker to 
have it remodelled for the changed re- 
quirements. 

Mr. Armitage presented lantern 
slides showing basic simplex and duplex 
milling-machines with a great variety 
of modifications adapting them to dif- 
ferent production requirements for 
milling simultaneously two or three 
sides of some of the largest castings 
entering into the construction of an 
automobile. Horizontal and vertical 
spindles are used, and sometimes in- 
clined spindles. Roughing and finish- 
ing cuts can be taken on the same sur- 
faces at a single pass. 

Written discussion from W. P. 
Michell, engineer at the Allentown 
plant of the International Motor Co., 
in which he stated that he believes that 
standard machine-tools will continue to 
predominate, was read by Chairman 
Brumbaugh. In the work of the Allen- 
town plant, machines having anti- 
friction bearings and hardened and 
ground steel ways are greatly prefer- 
red, according to Mr. Michell. He 
demands that the operator should have 
only to load, start and unload the ma- 
chine, the intermediate operations being 
automatic. Some milling and grinding- 
machines are now so made, and drill- 
presses and other tools must come to 
the same thing. For example, the labor 
cost in turning and boring a steel truck- 
wheel was reduced from $1.48 on heavy- 
duty turret-lathes to 35 cents on auto- 
matic lathes, three of which are oper- 
ated by one man. 


Chip Handling Needs Study 


Chip disposal deserves more atten- 
tion than it receives, asserted Mr. 
Michell, and no excuse suffices for let- 
ting the work from automatic machines 
drop into the pan with the chips; in- 
stead, an attachment should be provided 
to take the part and remove the cut- 
off burr, as is done on automatic screw- 
machines. Chip handling by means of 
standardized pans, adapted for removal 
by lift-trucks, was suggested by W. J. F. 
Forward, of the Consolidated Machine 
Tool Corp. of America. Belt conveyors 
might be provided under long machines 
to carry the chips to the pan. 
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Never before in the history of the 
machine-tool industry, according to E. 
P. Blanchard, were specialized produc- 
tion machines available for so many in- 
dividual jobs. Automatic lubrication is 
being provided for most machines, 
motor drives are common, and higher 
speeds are provided to meet the de- 
mands of tungsten-carbide tools. Mr. 
Blanchard considers it decidedly more 
economical to buy a machine that has a 
definite field of usefulness than to buy 
a special-purpose machine. It will have 
a good resale value if it should not fit 
in with later production needs of the 
original purchaser. 

Modern methods have made it pos- 
sible to design products in a way that 
was not possible a few years ago, said 
Winfield S. Husen, of the Carboloy Co. 
Formerly it was necessary to design 
parts according to the capabilities of 
machine-tools. In the present mass- 
production program, machine-tools can 
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Machines that appear to be special 
machines really are standard machines, 
according to D. L. Milholland, of the 
Milholland Sales Engineering Co. 
Standard units are arranged as re- 
quired on various bases. Such machines 
are designed primarily for the output 
of one season, but they can be accom- 
modated to a new design by minor 
changes. Many of the parts of a mul- 
tiple drilling-head even can be salvaged 
when a change in center distance 
makes it necessary to discard the body 
of the tool. 

Observations of a manufacturer of 
special machines were given by Mr. 
Forward, who said that hydraulic oper- 
ation is being demanded for as many 
functions as possible, including clamp- 
ing, indexing, and operating the index 
pins. Tapered roller-bearings are de- 
manded, to maintain the spindle in cor- 
rect alignment, and antifriction bear- 
ings are called for throughout the ma- 


Oy ee ere era oor 


A. K. BRUMBAUGH (CENTER), CHAIRMAN, AND J. B. ARMI- 
TAGE (LEFT), DISCUSSER, AT THE PRODUCTION FORUM; AND 





firmed the difficulty in securing uniform 
feed with the hydraulic system, and 
said that this is considered serious by 
some manufacturers who use machines 
having hydraulic feeds in production 
lines without storage of the parts 
There may be a difference of 25 per 
cent in the production rate at different 
times of the day. 


Metal Cutting Is Not Enough 


Manufacturers of machine-tools can 
find plenty of suggestions for improve- 
ment in other industries, according to 
E. F. DuBrul, general manager of the 
Machine Tool Builders’ Association. 
Chips have long been removed from 
wood-working machines by an air blast; 
and many automatic machines, cigar 
machines for instance, have fingers to 
remove the work. Machine-tool design- 
ers concentrate too much on cutting 
metal and do not have enough op- 
portunity for observation in. the field 





| f 


Guy HUBBARD (RIGHT), CHAIRMAN OF THE TECHNICAL PRO- 


be built to suit the desired product. He 
believes that best results can be ob- 
tained if not too many machines are 
placed in a single line, as sometimes 
one of them will hinder the others. 


What Is a Special Machine? 


John McGeorge, of Ernest-McGeorge, 
Inc., suggested that all machines are 
built with the old elements of the lever 
and the wheel, and special machines are 
merely standard machine-tool elements 
arranged in new ways. Why not think 
a little further and use the standard 
tools themselves? 


GRAM COMMITTEE 


chine. Special machines are made so 
that they can be adapted to various 
sizes of similar work. 

Some difference of opinion was ev- 
ident on the value of hydraulic feeds. 
Criticism came from R. R. Keith, of 
the J. I. Case Threshing Machine Co., 
who said that changes in the viscosity 
of the oil make it difficult to set a fixed 
rate of feed. This condition also com- 
plicates the piece-work rates. He also 
said that, while antifriction hearings 
are best in some cases, in other cases 
a large, well-lubricated plain bearing 
is hard to excel. Mr. Forward con- 


of production to become thoroughly “in- 
fected” with production ideas. 

Chairman Brumbaugh said that a 
machine-tool makes nothing but chips, 
and remarked that the problems of a 
manufacturer of motor-trucks are very 
different from those of large passenger- 
car manufacturers. Forty trucks per 
day is a large truck output, and no 
two of them are quite alike. 

The session closed with the showing 
of a film on arc-welding. This was 
characterized by Chairman Brumbaugh 
as the only production method in which 
chip removal is not a problem. 
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Production Dinner Pleases All 


Humor and Fluency of Schermerhorn Address Create 
Enthusiasm at the Concluding Session 


YOTHING equals a good dinner 
AN and a truly humorous capable 
speaker to relieve that tired feeling of 
body and mind that all acquire during 
a week’s attendance at an exhibition 
and convention. This was well exem- 
plified at the Production Dinner on 
Friday night, Oct. 4, at which James 
Schermerhorn, Sr., the famous public 
speaker of Detroit, provided food for 
thought and evoked much laughter, 
concluding with enthusiasm the joint 
sessions of the Society, the National 
Machine Tool Congress and the Ameri- 
can Society of Mechanical Engineers 
to the gratification of all. 

About 270 members and guests of 
the three organizations were in attend- 
ance at the dinner, at which the Cleve- 
land Sections of the S.A.E. and the 
A.S.M.E. were hosts and the Chairmen 
and Secretaries of the two Sections 
constituted the Reception Committee. 
E. P. Blanchard, Chairman of the 
S.A.E. Production Committee, was 
Toastmaster. 


Those at the Speaker’s Table 


Those at the speaker’s table, who 
were introduced individually to the as- 
semblage, were: 

James E. Gleason, Gleason Works, past- 
president of the American Machine Tool 
Builders Association 

W. W. Nichols, vice-president, D. P. 
Brown & Co. 

E. F. DuBrul, general manager, National 
Machine Tool Builders Association 

R. E. Flanders, Jones & Lamson Machine 
Co., past-president, N.M.T.B.A. 

John Younger, publisher Automotive Ab- 
stracts, S.A.E. nominee for Viée-President 
representing Production Activity 

Guy Hubbard, National Acme Co., Chair- 
man S.A.E. Technical Program Committee 
on Production Meetings 

Thomas Githens, Cleveland Twist Drill 
Co., Treasurer Cleveland Section, American 
Society of Mechanical Engineers 

E. P. Blanchard, Bullard Machine Tool 
Co., Toastmaster, Chairman S.A.E. Produc- 
tion Committee 

James Schermerhorn, Sr., Speaker at Pro- 
duction Dinner 

P. Rumelv, Hudson Motor Car Co., 
member of S.A.E. Production Committee 

C. R. Burt, Pratt & Whitney Mfg. Co., 
president National Machine Tool Builders 
Association 

George T. Trundle, Trundle Engineering 
Corp. 

A. K. Brumbaugh, White Motor Co., 
Chairman Thursday night Production Forum 
at Production Meeting 

P. E. Bliss, Warner & Swasey Co., mem- 
ber, N.M.T.B.A. Committee on Machine-Tool 
Builders Exposition 

K. H. Condit, editor American Machinist 

W. E. England, F. B. Stearns Co., Chair- 
man, Cleveland Section S.A.E. 


In his remarks before calling upon 


Mr. Schermerhorn to speak, the toast- 
master commented upon a_ certain 
amount of skepticism regarding new 
developments such as hydraulic feed in 
machine-tools, tungsten-carbide cutting- 
tools and antifriction bearings in ma- 
chine-tools, and told a story to illustrate 
this feeling. Following the World 
War, he said, two old sea captains were 
pearl fishing down in the South Seas. 
One was an Englishman and the other 
an American, and they disagreed on 
whether the English or the Americans 
had won the war for the Allies. Dur- 
ing one day’s fishing the American 
captain lost two divers. In the eve- 
ning he asked the English captain how 
it was that he had lost no man down 
among the sharks. The latter replied: 

“T am going to let you in on a secrét. 
These divers have broad backs and we 
paint across their backs: ‘The Amer- 
icans Won the War!’ Even the sharks 
won’t swallow that.” 


New Things for Old 


To establish his standing in the gath- 
ering at the start, Mr. Schermerhorn 
said that he was happy to come into 
the atmosphere of mechanics and 
mechanization, because it was in keep- 
ing with the spirit of the occasion that 
his only claim to being a mechanic is 
that once he wrote an editorial on 
Dehorning the Hydraulic Ram. 

The speaker’s general theme was 
“new things for old” and his address 









was liberally sprinkled with amusing 
little anecdotes. He said there is a 
new sound in the city streets, which 
led him to meditate a little on a theme 
that has to do with what his audience 
so inspiringly represented. The clamor 
and jargon of city streets suggests that 
perhaps engineers will have a new 
problem some day, that is, “to make 
life livable where cross the crowded 
ways of life. Our modern life is made 
up of flat wheels and flat heads; thor- 
oughfares made unbearable by cerebral 
cutouts—nothing above the neck.” 

He likened our modern life to the 
incident of a farmer driving a load of 
hay along the street when the clanging 
of a gong and the throbbing of an en- 
gine sounded behind him. A traffic 
officer shouted “Get out of the way of 
the fire department!” The farmer 
swung his team and load lumberingly 
to the side of the street just in time 
to let the fire engine go by. Then he 
pulled back into the middle of the 
street and his wagon was rammed in 
the rear by the hook-and-ladder truck. 
When he crawled from under the 
debris, the officer bellowed, “Didn’t I 
tell you to get out of the way of the 
fire department?” 

“T did get out of the way of the fire 
department, but I wasn’t looking for 
a lot of drunken painters to come 
along.” 


Changes That Engineers Have Wrought . 


Our modern life is like that, said Mr. 
Schermerhorn. The progress whereby 


men’s thoughts have widened, the 
things that engineers have done to 
change life, to put so much of wonder 
and miracle into this vibrant age, have 
(Concluded on p. 554) 
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Program for Transportation Meeting 








Technical Papers for Four-Days’ Sessions and Speakers for the 
Transportation Dinner Are Definitely Scheduled 


oo Transportation Meeting of the 
Society this year, to be held at the 
Royal York Hotel, Toronto, promises 
to be the best one ever held under the 
auspices of the Society. Morning and 
afternoon sessions will be held each 
day, as indicated in the accompanying 
program, the papers for each session 
being arranged, so far as possible, to 
bring together related phases of the 
general subject of motor-vehicle trans- 
portation engineering. The paper by 
Mr. Horner on Tuesday morning is a 
review of the use of motorcoaches in 
transporting passengers, while Mr. 
Austin’s paper probably will relate to 
the development of motorcoaches adap- 
table to both day and night travel. The 
papers on Tuesday afternoon will de- 
scribe motorcoach and _ motor-truck 
body constructions, of metal as well as 
of wood. 

Joint Sessions with Railway Men 

Both sessions on Wednesday, Nov. 
13, will be held jointly with the Motor 
Transport Division of the American 
Railway Association. This will be the 
first time such joint meetings have been 
held with prepared programs. At the 
morning session the development of 
six-wheel trucks and trailers in Ameri- 
can practice will be reviewed and a 
paper describing this class of vehicle in 
European practice is to be presented. 
These papers will be supplemented by 
studies of the subject from the view- 
points of parts and equipment manu- 
facturers. 

One of the fundamental questions 
that must be decided by any business 
organization that is planning to use 
motor-vehicle transportation is whether 
to operate its own equipment or secure 
the necessary service by contract with 
a transportation company. It is antic- 
ipated that valuable information will 
be available as the result of discussion 
of this subject. 

One of the most important factors in 
the growth of passenger and freight 
transportation by motor-vehicle is State 
regulation of the equipment, both 
mechanically and as a business. It is 
expected that a State motor-vehicle 
commissioner who has had broad expe- 
rience in this connection will present a 
contribution to the meeting, that will 


undoubtedly be of value to the op- 
erators of motor transport. 
The paper on the movement of 


freight by motor transport is a review 
of present developments in freight 
handling similar to the paper previ- 
ously mentioned relating to the devel- 





opment of passenger transportation. 
The paper on motor-trucks by Mr. 
Bachman relates to the design of 


freight-handling vehicles and is a val- 
uable contribution to the meeting in 
view of Mr. Bachman’s long experience 
in motor-truck manufacture. 


Thursday’s Session and Dinner 

Powerplant equipment will be dis- 
cussed on Nov. 14 from the vehicle 
operator’s point of view and the papers 
scheduled for the afternoon 
should bring out vital information con- 
cerning various braking systems. 

The annual Transportation Dinner 
will be held in the evening of this day, 
arrangements for it having been made 
by the Canadian Section of the Society. 
R. H. Combs, who will be toastmaster, 
has been an active member of the So- 
ciety for many years and Chairman of 
the Canadian Section since it was or- 
ganized. The Hon. George S. Henry, 
Minister of Public Highways for the 
Province of Ontario, Canada, is to be 
the principal speaker of the evening 


session 


and will deliver a message that will 
be well worth bringing back to the 
States. The Canadian Section is mak- 


ing every effort to have the Transpor- 
tation Dinner notably successful. 


Two Maintenance Sessions on Friday 


The sessions on Nov. 15 will be de- 
voted to discussion of questions relat- 
ing to the maintenance and inspection 
of motor-vehicles from the points of 
view of the vehicle operators and the 
manufacturers. One of the most im- 
portant papers in the entire program is 
that to be presented by Albert Kahn 
on the design, arrangement and equip- 
ment of modern garages and mainte- 
nance stations. This is a subject of 
prime importance to companies oper- 
ating their own fleets and one on which 
apparently no great amount of reliable 
data has been generally available. 

When the program for the meeting 
was first drafted by the Transporta- 
tion Committee, the Committee planned 
to leave time available on Friday after- 
noon for visits to the plants of the 
Toronto Transportation Commission, 
but with the development of the pro- 
gram it became necessary to arrange 
that whatever plant visits members 
desire to make should be on Saturday, 
Nov. 16. Members wishing to go on 
such trips should make arrangements 
at the time of the Transportation Meet- 
ing, at the S.A.E. Headquarters, Hotel 
Royal York, in Toronto. 








Western Aeronautic Meeting Plans 
7) 


f pein Western Aeronautic Meeting of 
the Society will be held on Tuesday 
and Wednesday evenings, Nov. 12 and 
13, at the Alexandria Hotel, Los 
\ngeles, with the Southern California 
Section as host. 

Tuesday evening’s session will be de- 
voted to engine design, Diesel aircraft- 
engine development, and_ aircraft- 
engine problems. The speakers will be 
Commandeér,E. E. Wilson, U.S.N., one 
of the foremost aircraft-engine author- 
ities on the West Coast, and Leigh 
Griffith, of the Emsco Aero Engine Co., 
of South Gate, Calif. 

Wednesday evening, Nov. 13, will be 
devoted to aircraft construction, with 
particular reference to high-speed 
transport planes and long-distance pas- 
senger transportation. Harris M. Han- 
shue, president of the Western Air 
Express, will discuss the operation and 
maintenance of transport planes used 
in long-distance passenger service, with 
reference to the care of equipment and 
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passengers. The need for and the de- 
sign of high-speed transport planes 
will be the subject of a paper by Gerard 
Vultee, chief engineer of the Lockheed 
Aircraft Co. 

Dr. A. L. Klein, assistant professor 
of aeronautics, at the California Insti- 
tute of Technology, will discourse on 
the wind-tunnel as an engineering in- 
strument. The huge new tunnel at the 
Institute is described by Clark M. Milli- 
kan in his paper in this issue of THE 
JOURNAL. 

The Western Aeronautic Meeting is 
a joint meeting of the Society and the 
Aeronautical Chamber of Commerce of 
America during the Western Aircraft 
Show to be held in Los Angeles during 
the week of Nov. 9 to 17. Prior to the 
opening of the aircraft exposition, an 
airport conference will be held Nov. 
7, 8 and 9 at the Alexandria Hotel 
under the auspices of the Airport Sec- 
tion of the Aeronautical Chamber of 
Commerce. 
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Transportation Meeting Program 


Nov. 12 to 15 


Tuesday, Nov. 12 
9:00 A. M.—MOTORCOACH SESSION 
Chairman—A. S. McArthur, Toronto Transportation 
Commission 

The Trend of Motorcoach Design—F. R. Fageol, 
Twin Coach Co. 

Application of Motor Transport to the Movement of 
Passengers*—F. C. Horner, General Motors 
Corp. 

Motorcoach Design from the Operators’ Standpoint 
—Dwight E. Austin, Nite-Coach Corp. 

2:00 Pp. M.—Bopy SESSION 
Chairman—Martin Schreiber, Public Service Coor- 
dinated Transport 
Motorcoach Body Construction—E. O. Dalzell, Ben- 
der Body Co., and William Naegel, Lang Body 

Co. 

Motor-Truck Body Construction—John Walker, In- 
ternational Motor Co., and Samuel Simon, Fitz- 
Gibbon & Crisp, Inc. 

Papers supplemented by prepared discussion. 





Wednesday, Nov. 13 
9:00 A. M.—JOINT SESSION WITH MOTOR TRANSPORT 
DIVISION OF A. R. A. 

Joint Chairmen—A. P. Russell, New York, New Ha- 
ven & Hartford Railroad; and F. C. Horner, 
General Motors Corp. 

Six-Wheel Trucks and Trailers—A. M. Wolf, Auto- 
motive Consulting Engineer 

Trend of Six-Wheel-Truck Design in Europe—Pietro 
Vigna, Consulting Engineer, Italy 

Supplementary papers to be presented by E. W. 
Templin, Motor Mileage; L. R. Buckendale, Tim- 
ken-Detroit Axle Co.; and G. M. Sprowls, Good- 
year Tire & Rubber Co. 

Direct Operation versus Contract Hauling—F. J. 
Scarr, Scarr Transportation Service, Inc. 

2:00 P. M—JOINT SESSION WITH MOTOR TRANSPORT 

DIVISION OF A. R. A. 
Joint Chairmen—F. C. Horner and A. P. Russell 

How State Motor-Vehicle Commissions Can Help 
Develop Motor-Vehicle Transportation 

Application of Motor Transport to the Movement of 
Freight*—-F. C. Horner, General Motors Corp. 

Motor-Trucks*—-B. B. Bachman, The Autocar Co. 


*Paper of World Engineering Congress, Tokio, Japan, 


Toronto, Canada 


Royal York Hotel 


Thursday, Nov. 14 


9:00 A. M.—ENGINE SESSION 

Chairman—J. F. Winchester, Standard Oil Co. of 
New Jersey 

Engines—L. P. Kalb, Continental Motors Corp. 

Engine Governors—A. A. Bull, Handy Governor 
Corp. 

2:00 Pp. MA—BRAKE SESSION 
Chairman—J. F. Winchester 

Brakes for Motor-Trucks—G. B. Ingersoll, Federal 
Motor Truck Co. 

Heavy-Duty-Motorcoach Brake Design*—G. A. Green, 
General Motors Truck Corp. 

Prepared discussion by representatives of air, 
vacuum, hydraulic and self-energizing brake 
manufacturers 

7:00 Pp. M.—TRANSPORTATION DINNER 

Host—Canadian Section, S.A.E. 

Toastmaster—R. H. Combs, Prest-o-Lite Storage 
Battery Co., Ltd., Canada 

Speaker—The Hon. George S. Henry, Minister of 
Public Highways, Province of Ontario, Canada 

Friday, Nov. 15 
9:00 A. MiA—MAINTENANCE SESSION 

Chairman—T. L. Preble, Brockway Motor Truck Co. 

Maintenance and Inspection Methods—J. G. Moxey, 
Atlantic Refining Co. 

The Proper Relationship Between the Engineering 
and Service Departments of Motor-Vehicle Man- 
ufacturers—E. D. Sirrine, Borden’s Farm Prod- 
ucts Co. 

2:00 Pp. Mi—MAINTENANCE SESSION 
Chairman—T. L. Preble 

Garage and Shop Design—Albert Kahn, Architec- 

tural Engineer 


Motorcoach Lubrication—C. J. Livingstone, E. C. 
Martin, and S. P. Marley, Mellon Institute of 
Industrial Research 


Application of Production Standards to Maintenance 
of Motor-Vehicles—H. B. Hewitt, Philadelphia 
Rural Transit Co. 


Saturday, Nov. 16 


Plant inspection trips may be arranged for during 
the meeting in Toronto. 


Oct. 22 to Nov. 29. 


Los Angeles Aeronautic Meeting Program 


Society of Automotive Engineers 
and 
Aeronautical Chamber of Commerce of America 


Nov. 12 and 13 


Tuesday Evening, Nov. 12 
ENGINE SESSION 
Trend in Aircraft Engine Design—Commander E. E. 
Wilson, U. S. N. 

Diesel Aircraft-Engine Development—Leigh Grif- 
fith, Vice-President, Emsco Aero Engine Co. 
Maintenance and Operating Inspection of Airplane 
Engines—Charles Cain, Transcontinental Air 

Transport 


Hotel Alexandria 


Wednesday Evening, Nov. 13 


TRANSPORTATION SESSION 
High-Speed Transport Planes—Gerard Vultee, Chief 
Engineer, Lockheed Aircraft Co. 
The Wind-Tunnel as an Engineering Instrument— 
Dr. A. L. Klein, Assistant Professor of Aero- 
nautics, California Institute of Technology 


Long-Distance Passenger Transportation—Harris M. 
Hanshue, President, Western Air Express 














Refinery Visit Features Section Meeting 


Pennsylvania Section Meeting at Elizabeth Plant of Standard Oil Co. 
Draws Many Members and Guests 


NLY IN one respect did the Oct. 9 

meeting of the Pennsylvania Sec- 
tion prove a disappointment when mem- 
bers of the Section and guests were 
entertained by the Standard Oil Co. of 
New Jersey and the Standard Oil De- 
velopment Co. at their plants and labo- 
ratories and at one of the leading hotels 
in Elizabeth, N. J. Advance notices of 
the meeting promised that the secrets 
of the oil business would be revealed; 
and the disappointment came when Dr. 
A. E. Becker, who is in charge of the 
lubrication research laboratories and 
was the first man to be introduced by 
Toastmaster J. W. Saybolt, said that 
was the first time he knew that there 
were any secrets to reveal. Neverthe- 
less, a few revelations were made, and 
every visitor heard more, saw more, 
and ate more than he had expected. 

Sponsored by the Pennsylvania Sec- 
tion, the meeting was attended by 
almost as many members of the Metro- 
politan Section, and others came far- 
ther to attend this meeting. Among 
the guests from a greater distance were 
Dr. H. C. Dickinson and at least one 
other from the Bureau of Standards, 
and Ferdinand Jehle, Past-Chairman of 
the Cleveland Section. Many of these 
guests came “oilier” than the official 
hosts, but of course the latter came 
from Philadelphia; which means noth- 
ing whatever except that Elizabeth is 
nearer to New York City than to Phila- 
delphia. 

As soon as the train arrived to which 
the special cars from Philadelphia were 
attached, luncheon was served in the 
Winfield Scott Hotel. It began with 
grapefruit 4 la Maraschino, which was 
alleged in the unique menu to be pro- 
vided with an improved jet system. 
About 300 guests were seated at the 
luncheon, including at each table a host 
representing the refinery. Luncheon 
was followed by a welcome by J. W. 
Saybolt, of the Standard Oil Co. of New 
Jersey, and a paper on Laboratory 
Testing of Motor Lubricants and Gaso- 
lines Under Summer and Winter Condi- 
tions, by Dr. A. E. Becker and W. C. 
Bauer, of the Standard Oil Develop- 
ment Co. 


By Motorcoach to Refinery 


After about a 10-min. discussion of 
the paper, the visitors were taken in 
about a dozen motorcoaches to the Bay- 
way plant, where they were grouped 
long enough to make possible the pho- 
tograph appearing on page 445. They 
were then divided into groups of about 
15, each with a guide, to visit the labo- 


ratories of the Development corpora- 
tion. There experimental refining plants 
of various types were shown and ex- 
plained, and opportunity was given to 
see how samples of crude oil from dif- 
ferent sources are studied to determine 
the manufacturing treatment required. 
Among the apparatus explained were 
vacuum and pressure stills and a plant 
for removing wax from oils to give a 
low pour-test. Dr. Becker’s disclaimer 
of secrets was substantiated to the ex- 
tent that no locked doors were visible. 

Antiknock testing was seen in a room 
filled with modified Delco-Light engines, 
both air-cooled and water-cooled. One 
of these was observed to have a very 
pronounced ping that caused its bounc- 
ing-pin to vibrate in a lively manner. 





This engine was said to have a 7%:1 
compression and to be running on part 
throttle. In another room was a Thor- 
nycroft variable-compression engine. 
Chassis testing is carried on in a room 
provided with a 200-hp., 350-r.p.m. dy- 
namometer arranged so that it can be 
connected to any one of three drive- 
shafts. Two of these shafts give differ- 
ent torque ranges for the chassis-dyna- 
mometer drums; and the third is used 
for testing in the temperature room, in 
which any pneumatic-tired vehicle can 
be run to determine losses in the trans- 
mission and axle for the purpose of 
developing lubricants and fuels. 
Motoring torques of engines can be 
observed at any speed from less than 
1 r.p.m. to 3500 r.p.m. A flexible fabric 
wind-tunnel provides a wind velocity of 
from 12 to 80 m.p.h., to simulate road 
conditions for radiator cooling. Most 
of the readings and controls are han- 
dled by operators outside the room, and 
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the chief test man can communicate by 
telephone with the man in the temper- 
ature room. Cars of leading automobile 
manufacturers are being tested in this 
room to determine tendencies to gas 
lock, summer and winter gasoline re- 
quirements, power and performance 
characteristics, summer and winter re- 
quirements for engine oil, and lubrica- 
tion requirements of the transmission 
and rear axle. 


Accurate Temperature Regulation 


Provision is also made for road test- 
ing and block testing, including an alti- 
tude-temperature room in which the 
temperature can be regulated within 1 
deg. of any temperature between 130 
and —35 deg. fahr. by a man outside. 
Sub-atmospheric pressure can be ob- 
tained by the use of exhausters. Among 
the safety features is a device which 
would permit the roof of the chamber 
to be blown off through a steel duct, in 
case of an explosion inside. 

After being shown the laboratories, 
the visitors again took to the motor- 
coaches for a trip of several miles 
through the refinery, which is 3 or 4 
miles in length. Guides pointed out 
tanks, pipe-lines and stills of various 
sorts, some of them obsolete and being 
replaced by apparatus of newer type 
now being built. 

Before the return trip to the Win- 
field Scott Hotel, the guests filed up to 
the top of the building of Stanco, Inc., 
which seems to be the tallest in the 
plant. They climbed 154 steps to get a 
bird’s-eye view of the plant, the Goe- 
thals Bridge and nearby Staten Island, 
and on the way up they observed the 
bottling and packing operations on the 
medicinal and household products of 
this subsidiary company. These proc- 
esses were featured by gravity convey- 
ors and automatic bottling and packing 
machines. As various parties were en- 
tering the building, one guide was heard 
to remark to another, “We are going to 
take them through Nujol.” Mathemati- 
cally expressed, this seemed to be the 
reciprocal of the advertising claims for 
the product. 


Gum Considered at the Dinner 


Music was provided at the excellent 
dinner by a colored jazz band and sing- 
ers, and the final cup of coffee was fol- 
lowed by a paper on Gum in Gasoline, 
by E. B. Hunn and A. J. Blackwood, of 
the Standard Oil Development Co., and 
H. G. M. Fischer, of the Standard Oil 
Co. of New Jersey. The paper was 
presented by Dr. Hunn. 
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The gum problem is said to have be- 
come important only since the general 
introduction of cracked gasoline of high 
antiknock characteristics, which is free 
from gum as it comes from the stills 
but contains certain unstable hydrocar- 
bons that may become oxidized during 
storage. The gum remains dissolved 
until the gasoline is sprayed by the 
carbureter, whereupon it may be depos- 
ited upon the heated portions of the 
inlet manifold and inlet valves. Unde- 
posited gum is burned with the charge. 
The copper-dish test is not approved by 
the authors, who prefer an evaporation 
test in the absence of air to measure 
the dissolved or preformed gum and an 
accelerated oxidation test as a measure 
of the stability of the fuel. 

Further studies have been made with 
tests on Delco and Buick engines and 
tests with a laboratory apparatus de- 
signed to imitate the conditions in the 
inlet system of: an engine. The paper 
concludes with a suggestion that the 
joint committee on Fuels and Lubri- 
cants, of the S.A.E. and the American 
Petroleum Institute, make a study of 
gum tests, and substitute two more 
suitable tests for the copper-dish test. 


Fuel Tests for Knock Rating 


Next came a paper by Earl Barthol- 
omew, director of the engineering labo- 
ratory of the Ethyl Gasoline Corp., De- 
troit, on The Practical Significance of 
Fuel Knock Ratings. 

Variation in the ratings obtained 
from different classes of laboratory 
apparatus does not necessarily indicate 
‘inaccuracy, according to Mr. Bartholo- 
mew, but it presents a question as to 
what test conditions should be estab- 
lished. Conditions were not thoroughly 
controlled in some of the earlier test- 
ing, but improved testing engines are 
used now. During the time Mr. Bar- 
tholomew has been with the Ethy! Gaso- 
line Corp., 122 knock-testing engines 
have been built and have been used in 
many different laboratories. 

Development from the modified Delco- 
Light engines first used for the pur- 
pose include reduced speed with regu- 
lation by a synchronous electrical unit, 


an evaporative cooling-system and im- 
proved fuel regulation. Early in 1928 
it was discovered that a sudden drop 
or jump followed certain changes in 
fuel, and a true test could not be ob- 
tained until equilibrium was established 
after a change. It has also been found 
that the comparative knock character- 
istic of fuels are not the same in large 
as in small cylinders. The paper con- 
cluded with a comprehensive specifica- 
tion of the requirements of an ideal 
knock-testing engine. 


Users’ Specifications for Fuel 


Following Mr. Bartholomew’s paper, 
Adrian Hughes, superintendent of bus 
transportation, United Railways & Elec- 
tric Companies, of Baltimore, read a 
paper on Fuel Specifications from the 
Purchaser’s Standpoint. This was hailed 
by Dr. Dickinson as significant because 
it indicated the first real demand for 
fuel economy. Mr. Hughes voiced a 
demand by the operators of large fleets 
of trucks and motorcoaches for fuel 
that will answer their requirements for 
economy, power, freedom from knock- 
ing, and low maintenance cost and long 
life for the engine. 

Although the operator knows his re- 
quirements, it is difficult to specify tests 
that will assure their fulfillment, and 
the problem often is complicated by the 
use of dissimilar equipment in a single 
fleet. The specification used by the 
speaker’s company calls for a blend 
containing 35 per cent of benzol with 
special California and natural gaso- 
lines. Distillation percentages and sul- 
phur content are specified, and require- 
ments for initial boiling-point differ for 
summer and winter fuel. 















Among the details of an ideal fuel 
specification, Mr. Hughes suggested re- 
quirements at cardinal points of the 
A.S.T.M. distillation curve: the 10-per 
cent point, for easy starting at low 
temperature; the 50-per cent point, to 
give satisfactory acceleration condi- 
tions; and the 90-per cent point, to give 
ample power. He also suggested that 
engine manufacturers should furnish to 
the operators information as to the 
grade of fuel for which an engine is 
designed, to reduce the amount of grop- 
ing that must be done by the operator 
to decide upon a suitable fuel. 

Discussion of the three papers was 
brief but lively right up to the time 
when the Philadelphia party was obliged 
to leave to catch its train. Dr. Dickin- 
son emphasized the need of promptness 
in preparing some sort of specification 
or test for antiknock qualities that will 
be accurate enough to be useful and 
simple enough to be available to trans- 
portation companies. 


Transportation Meeting in November 


The November meeting of the Penn- 
sylvania Section, according to advices 
from Secretary E. B. Neil, is to be a 
joint meeting with the Engineers Club 
of Philadelphia on the 19th. This is to 
be a transportation meeting. F. J. 
Brackett, of the Yellow Coach Co., of 
Pontiac, Mich., the speaker for the En- 
gineers Club, is to deliver a paper on 
Motor Transport Development. Another 
speaker, representing the S.A.E. part 
of the program, probably will talk on 
Diesel-engine development, with partic- 
ular reference to motor-truck transport 
but also discussing other automotive 
applications of this type of engine. 


Predicts Women in Engineering 


| een ANDERSON, president of Ad- 
vertisers, Inc., ventured to predict, 
before a gathering of 600 members at 
the Body Division meeting of the De- 
troit Section on Oct. 22, that within 
five years feminine stylists will be em- 
ployed as important members of every 
automobile-body engineering depart- 


SOME OF THE ENGINEERS AT THE PENNSYLVANIA SECTION MEETING IN ELIZABETH 
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ment, to determine the quality and 
character of color in paint and finish- 
ing trim. 

Mr. Anderson, who is advertising 
counsel for various units of Chrysler 
Motors, spoke on the subject, Body- 
Engineering, the New Salesmanship. 
He dwelt specifically on the ways in 
which body engineering affects sales. 
Body engineering was discussed from 
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its primary stages to the recent de- 
velopments in the use of colors, uphols- 
tery and appointments as the direct re- 
sult of the growing feminine conscious- 
ness of artistry, style and beauty in aii 
motor-car price classes. 

As usual, an entertainment of un- 
usual excellence, consisting of music, 
singing and dancing, was provided at 
the meeting. 








Detroit Meets Atoms and Electrons 


Progress of Modern Physical Science Reviewed at Section’s 
First Meeting of the Season 


ETROIT Section members “did 
themselves proud” at the opening 
event of their organization for the sea- 
son, when the dinner and meeting were 
held at the Book-Cadillac Hotel on Oct. 
7. There were 357 gastronomers at 
the festive board and 425 persons of 
automotive affiliation at the session 
that followed the dinner to have a 
look-in at the atomic universe. L. Clay- 
ton Hill was in the chair and in high 
form; he furnished not a little enter- 
tainment both in _ introducing’ the 
speaker of the evening, Prof. Vladimir 
Karapetoff, of Cornell University, and 
in announcing details of the next two 
meetings of the Section—that of the 
Body Division, slated for Oct. 22, and 
the Section meeting on Nov. 4. The 
speaker for the November meeting is A. 
C. Downey, general purchasing agent 
of Chrysler Motors, who is to talk on 
Salesmen, Engineers and Buyers. 
Chairman Hill skilfully dispelled any 
misgivings that members might have 
harbored regarding the technical topic 
announced for the evening’s feature; to 
wit, Atoms and Electrons. In introduc- 
ing Professor Karapetoff, he spoke 
humorously of the latter’s hobbies and 
inventions and thus put the audience 
in a highly receptive state of mind. 


Why Physics Seems Remote Now 


Professor Karapetoff succeeded in 
presenting his subject in a distinctly 
popular way. After opening his address 
in time-honored fashion by narrating 
two anecdotes, he explained why the 
materia of modern physics, including 
atoms and electrons, does not meet with 
a response in the general mind nor 
excite universal interest. 

“What is the reason,” asked the 
speaker, “that modern physics is so far 
detached from our daily life, whereas 
old-fashioned classical physics was in 
our daily life? The old writers talked 
about temperature of water, and how 
temperature is affected by the air pres- 
sure, so that you could not cook eggs on 
top of a high mountain; and why an 
electric bell rings or does not ring. 
They wrote about things that were 


somehow connected with our daily life. 

“Physicists have abandoned the mea- 
suring of distances in centimeters or 
millimeters. They simply say 10 to such 
and such a power, and therefore it 
does not make any difference whether 
I tell you that the present limit is, say, 
10 to minus the 24th power of a centi- 
meter, or 10 to the minus 30th power, 
because those distances are beyond our 
comprehension. 

“The value of research does not lie 
in its importance for our needs or the 
needs of the generations to come. The 
satisfaction of human curiosity is in 
itself a legitimate object of interest. 
Consider of how little importance cer- 
tain physical knowledge of preceding 
generations was to people of those gen- 
erations. How much did the contem- 
poraries of Newton get out of his new 
theories? Two centuries passed before 
any application of importance was 
made of them. The same applies to the 
early days of electricity. When a 
woman asked Faraday of what use was 
his newly discovered law of induction, 
he said, ‘Madam, of what use is a 
newly born baby’?” 

Professor Karapetoff 
pointed out that when 
physicists endowed an 
atom with the central 
nucleus and imagined 
electrons like little 
spheres revolving around 
that central nucleus, 
what they did was not 
any different in principle 
from the process where- 
by the primitive man cre- 
ates his god in his own 
likeness. They knew the solar system 
was so made, so they put it in the atom. 
This method worked well enough for 
hydrogen, composed of only one nucleus 
and one electron; but the complexity of 
the atoms of the very heavy chemical 
elements spelled the death knell of the 
picture theory of the atom and the at- 
tempts to express the motion of approx- 
imately 92 electrons by equations and to 
solving these equations. 


An interesting phase of modern 





physical theory was expressed by the 
speaker as follows: 

“The electron theory of matter 
showed that the densest solid is mostly 
a hole, so that electrons can be made 
to go through thin sheets of gold as 
through a sieve. We thought, or our 
predecessors did, that at least energy 
and electricity were continuous entities, 
because within the experimental limits 
we could increase or decrease energy 
by any small amount that we wished, 
until the refinement of measurements 
brought the situation to a point where 
it became logically necessary at the 
present stage of the development of 
science, though it may not be necessary 
to do so tomorrow, to assume the atomic 
nature of energy. This has been a revo- 
lutionary step. We do not speak of 
atoms of energy but introduce the word 
“quantum,” meaning the quantity. So 
when it comes to the atomic phenomena, 
we cannot assume that energy may 
vary by an infinitesimal amount—that 
is, energy within the atom so far as its 
external action, radiation, is concerned; 
it must vary in discontinuous and fairly 
large quantities, large insofar as mod- 
ern physics goes.” 


Energy Found To Be Discontinuous 


While in our practical daily work we 
view matter, energy and electricity as 
continuous, very small quantities 
thereof are found to be discontinuous. 
The discontinuous amounts are subject 
to other laws than are the continuous 
quantities, and one of the important 
problems of modern physics is_ the 
formulating of laws that, said Pro- 
fessor Karapetoff, “are discontinuous 
at one end and gradually become con- 
tinuous.” The thought of so arranging 
physical laws is known as the corre- 
spondence principle. Its evolution, upon 
which the advanced minds engaged in 
modern physics are working, involves 
the use of novel mathematical opera- 
tions and expressions. 

In closing his address, 
Professor Karapetoff il- 
lustrated the way in 
which ideas develop. The 
process, he said, quoting 
the philosopher Hagen, 
begins with an accepted 
mental position, out of 
which arises a different 
opinion or _ negation. 
Progress, however does 
not come from either of 
the positions nor a compromise between 
them, but by starting a new point of 
view. This principle, said the speaker, 
holds true in modern physical science 
that is now working on a mass of new 
ideas propounded by numerous physi- 
cists during the past three or four 
years. 

Members and guests who had followed 
Professor Karapetoff’s expositions with 
much interest, roundly applauded him 
at the close of his address. 
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Argument Over Guggenheim Contest 


Metropolitan Section Hears Requirements of Safe-Aircraft 
Competition Assailed and Defended 


IFFERENCES of opinion make 
good Section Meetings as well as 
horse races. Nearly 200 members and 
guests of the Metropolitan Section met 
at the A.W.A. Clubhouse for dinner on 
Oct. 17, and 50 more came to hear the 
papers and discussion about the Gug- 
genheim Safe-Aircraft Competition; 
and they heard diverse opinions ably 
stated by prominent engineers. Past 
Chairman Sidney R. Dresser was called 
upon to preside, because of the absence 
of both Chairman George A. Round 
and Vice-Chairman John F. Creamer. 
Distinguished visitors were present 
from far and near at this first techni- 
cal meeting of the Section for the 
season. Chairman Dresser introduced 
E. T. Birdsall, the first Secretary of 
the Society, who has recently returned 
to the Metropolitan district after 20 
years of exile in Detroit. Others who 
were introduced to greet the Section 
members were A. F. Dunham, Past- 
President of the Society; Dr. Wolf, 
director of the Amsterdam Aeronautic 
Laboratory; and Henri Brunet, of the 
French Air Ministry. Representatives 
of the Vacuum Oil Co. occupied one 
table at the dinner. They came from 
England, France, Germany, China and 
Japan. 

Capt. Bob Bartlett was called upon 
and gave a feeling tribute to the char- 
acter of Commodore Peary, whose com- 
panion he was in Polar exploration. 
He told of spending many months in 
travelling 700 miles with Eskimo com- 
panions from the Far North to Wrangel 
Island, and it was still a long sail to 
the mainland. He said that recently 
an airplane was sent to the same region 
to bring out furs that otherwise could 
not have been marketed the same year. 
The trip was made in a few hours. 


Aeronautics Opens the Season 


Jerome C. Hunsaker, Section Vice- 
Chairman for Aeronautics, then as- 
sumed the chair and introduced Lowell 
H. Brown, president of the Aircraft 
Improvement Corp. and the Belflex 
Corp., who had been drafted to present 
the main points of the rules and con- 
ditions of the Guggenheim contest, to- 
gether with some information on the 
airplanes entered. 

Neutrality has dictated a policy on 
the part of the Guggenheim Fund that 
prohibits giving out any information 
except for general publication. Under 
this handicap, Mr. Brown presented a 
very clear and adequate picture of the 
purposes and conditions of the contest, 
emphasizing the vital points in regard 
to low-speed-landing conditions and 
drawing attention to the necessity for 


aerodynamic development to meet the 
conditions imposed. This ground has 
been covered in papers already printed 
in the S. A. E. JOURNAL, particularly 
those by Prof. Alexander Klemin, 
printed in the issues of May, 1928, 
p. 596, and July, 1928, p. 35. 

Mr. Brown’s paper included a brief 
resumé of the noteworthy features of 
the airplanes entered in the contest, 
illustrated by views of most of the com- 
plete airplanes that have been entered, 
and some details. 

Mr. Brown deplored the practice of 
airplane salesmen in making unsub- 
stantiated claims of superiority. En- 
gineering formulas indicate the stall- 
ing and landing speeds 
of conventional air- 
planes, but the salesman 
does not recognize such 
limitations. The methods 
to be used in determining 
the actual performances 
in the competition there- 
fore are of interest, and 
great care has been em- 
ployed in developing ac- 
curate methods that 
shall be safe. For in- 
stance, the obstacle landing tests will 
not be over wires or actual obstacles 
of any kind, but the lines will be 
determined by observers sighting from 
towers. 


Features Criticized 


Thomas A. Huff, of the experimental! 
division of the Fokker Aircraft Corp 
of America and organizer of the crop- 
dusting service known as Huff-Daland 
Dusters, took up the criticism of the 
contest from the viewpoint of the man- 
ufacturers. He expressed his appreci- 
ation of the features of the contest 
relating to stability in flight, but said 
that he believed the attempt to promote 
safety by a low landing-speed is con- 
trary to the natural and essential trend 
of the industry, which is seeking al- 
ways higher speed and heavier loads. 

Questions were raised as to whethe: 
it would be possible to make an air- 
plane to completely meet the require 
ments of the contest; whether such a 
plane would actually be safer than 
others if made; and whether attainin 
the object would not defeat the pur 
poses of the manufacturer. Mr. Huff’s 
conclusions were that such an airplane 
would not necessarily be safer than 
present planes; that it might, indeed, 
be less safe. He also said that the 
additional cost without gain in top 
speed or load-carrying capacity would 
make the plane unsalable. 

Mr. Huff stated that the tendency 





of the last few years has been toward 
increased wing-loading; whereas the 
wing loading must be greatly reduced 
if the contest requirements are to be 
met. This will result in additional cost 
of about 150 per cent for an airplane 
of the same capacity. He presented 
formulas and diagrams in support of 
his claim that reserve power would be 
sacrificed, at the expense of danger 
from gusts of wind in. taking off and 
landing. He also said that experience 
with the newer and higher-speed train- 
ing planes does not indicate that such 
airplanes are more dangerous for in- 
experienced fliers. 

Dr. Wolf was called upon first for 
discussion and expressed the hope that 
the contest may lead to practical devel- 
opments, even if the contesting planes 
themselves are not commercially use- 
ful. He cited the developments result- 
ing from the Schneider Cup races, in 
spite of the fact that the racing planes 
themselves possess no 
practical utility. 


Defenders of the 
Contest Arise 


Capt. E. S. Land said 
that we shall be left at 
the post if we stick to 
conventional construc- 
tion forever. There has 
been much talk of modi- 
fied constructions such 
as wing-slots, flaps, 
and variable camber. This contest will 
give such devices an opportunity for a 
real demonstration. The average 
American now is ready to use an air- 
plane in case its speed is called for 
by an emergency; but he will not use it 
as readily as he does an automobile or 
a railroad train, according to Captain 
Land, until he feels a greater assurance 
of its safety. 

Edward P. Warner expressed disap- 
proval of the attitude of a few who 
object to a safety contest as implying 
that airplanes are not now safe. Safety 
campaigns are common in factories and 
in motor-vehicle administration, with- 
out injurious reflection upon the indus- 
tries involved. So long as any accidents 
occur, study is needed to improve 
safety; and such studies and contests 
should increase, rather than decrease, 
the confidence of the public in the safety 
of aviation. 

Grover Loening, of amphibian fame, 
emphasized the benefit to be derived 
from the controllability features of the 
Guggenheim contest. He said that any 
improvement gained should not be at 
the expense of adding to the pilots’ 
duties, and that an intriguing possibil- 
ity exists of eliminating one of the 
controls of an airplane or combining the 
aileron and rudder controls. 

Igor Sikorsky followed, with a grace- 
ful reference to Mr. Loening’s devel- 
opments in amphibian design, and pre- 
sented the claims of the amphibian 
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type of airplane for safety. Landing- 
fields still are remote from some points 
over which the aviator may fly, while 
every body of water is a potential 
emergency landing-field for the amphi- 
bian. 

Virginius E. Clark and several others 
contributed further to the discussion; 
and the meeting closed with motion 
pictures, part of which showed in a 
very interesting way the historical de- 
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velopment of the aeornautical branch 
of the Navy. 

The November meeting of the Metro- 
politan Section, which is to be held in 
the A.W.A. Building on Nov. 21, will 
be devoted to the subject of Front- 
Wheel Drives. The topic will be dealt 
with in a paper by W. J. Muller, vice- 
president of New Era Motors, Inc., 
maker of the Truxton front-wheel-drive 
automobile. 





nnn 


Light-Weight Plane Construction 


Buffalo Section Debates Design and Production Method 
Described by C. W. Hall 


OME OF the principles of design 

that have enabled the Hall-Alu- 
minum Aircraft Corp. to build air- 
planes that are conspicuous for ex- 
tremely light weight combined with 
unusual strength were described by 
C. W. Hall at the first technical ses- 
sion of the Buffalo Section for the 
present season. The meeting was held 
on Oct. 1 at the Hotel Statler and was 
attended by about 150 members and 
guests. Not only was the paper, which 
was illustrated with half a hundred 
lantern slides, most interesting, but 
much lively discussion followed its pre- 
sentation. 

Chairman Gustaf Carvelli, who pre- 
sided, announced in opening the meet- 
ing that the November meeting will 
be held on Nov. 5 and the topic of the 
evening will be Service. This year the 
Section officers are trying to cover both 
the motor-vehicle and the aeronautic 
fields, and selected an airplane subject 
for the initial meeting. 

The airplane is now regarded as the 
coming rapid-transportation means and 
is expected to become as important as 
the motor-vehicle, although years may 
be required for it to reach that stage 
of development. With no further pre- 
liminaries, the Chairman introduced 
Mr. Hall with the remark that he is 
a young man who has had many years 
of experience in airplane designing and 
building, and is an authority on metal 
construction. 


Structural Weight Reduced One-Half 


In his address Mr. Hall traced the 
results he had accomplished back to 
their causes, gave some information re- 
garding costs of construction, and dealt 
with corrosion and its prevention. 
Speaking of the first aircraft wings 
built by his company under contract 
for.the United States Navy, in 1920, 
he said that they weighed only 65 per 
cent as much as the corresponding 
cellules they replaced. Subsequently, 
a series of planes built under develop- 
ment contracts have been characterized 
by a weight of structure not over one- 
half the weight of similar planes built 


by others, although the strength was 
considerably in excess of the contract 
requirements. 

These results were attained princi- 
pally through complete detailed stress 
analysis, including the effects of any 
redundancies, a liberal use of labora- 
tory tests, careful balancing of loads 
against one another, elimination of 
secondary stresses through shaping 
parts appropriately, and rigid insis- 
tence that all parts shall have just 
enough strength to meet the require- 
ments of design and service. 

Numerous examples of ways in which 
these principles have been carried out 
in various members of the structure 
were given and shown in slides. For 
instance, a pair of bottom frames or 
floors for a flying-boat are blanked and 
pressed to form in polished-steel dies. 
The web members are 8 to 10 per cent 
larger at the center than at the ends, 
the slight cutting away of material 
near the ends curving the gravity axis 
of the strut so that the rounded cen- 


ter carries a larger stress than the 
average and the free ends are some- 
what relieved of load, thus enabling 


40 to 60 per cent more load to be car- 
ried by a given sectional area. The 
labor expense of blanking and press- 
ing such frames, ready for assembly, 
is 7 to 8 cents each in present salable 
quantities. 

Similarly formed wing and aileron 
ribs have tabs on the free edges of the 
chords which are riveted to fillet en- 
largements opposite them, thus _ re- 
straining the free edges from buckling 
and adding about 60 per cent to the 
strength of the rib but not appreciably 
to the weight. Ribs of this type will 
carry a load, distributed in conformity 
with Government specifications, of from 
1800 to 3000 times its own weight, ac- 
cording to the speaker. 

Main frame members are in general 
of closed-end tubular type and rivet- 
ing is employed to a large extent. 

As another example of the princi- 
ples utilized, Mr. Hall cited the tubular 
drag struts inside the wing panels. For 


these, the company uses a spherically 
cupped end-fitting that rests against a 
ball-head bolt passing through the 
spars. As loading is applied to the 
strut, this fitting and bolt are pressed 
into perfect contact and the resulting 
friction produces a fixing moment that 
increases in direct proportion to the 
end load. 

Details of the Hall construction were 
given in an extensive paper by Mr. 
Hall, illustrated with photographs and 
drawings, published in the S.A.E. 
JOURNAL for April, 1928, p. 426. 

Members were full of questions to 
ask when discussion was called for by 
Chairman Carvelli. Mr. Jenkins, of 
the Curtiss Aeroplane & Motor Co., 
was curious to know if Mr. Hall en- 
countered any difficulty in overcoming 
objections of the Army, Navy and 
Commerce Departments in applying his 
principles of design, and asked if the 
departments placed any hindrances in 
the way of the use of initial curvature 
of the spars. The Government agen- 
cies, he pointed out, have their own 
method of stress analysis, and hin- 
drances have been met in attempting 
to take full advantage of using re- 
dundancies and one’s own method of 


analysis. Mr. Hall answered that the 
work of his company was not com- 


monly rejected by the Army and Navy, 
and it had not come into much direct 
contact with the Department of Com- 
merce. The design of the spars had 
been the subject of discussion but had 
never been rejected. Although the com- 
pany does not always design according 
to the Government method of 
analysis, it does not depart from it. 


stress 


Lay Public Demands Rigidity 


Many features of Mr. Hall’s con- 
struction are sound, said Mr. McClane, 
of the Consolidated Aircraft Corp., but 
will not be accepted by the lay public, 
which insists upon rigidity; for exam- 
ple, of control sticks, rudder pedals and 
walk-boards; so it is necessary to make 
them stiffer and heavier than suffi- 
cient strength requires. He cited a 
number of specific cases of weight in- 
creases in Consolidated aircraft to make 
them safer in unusual circumstances, 
such as upside-down landings and nose 
dives into the ground, and of changes 
in size of struts to provide against 
stresses when persons climbing on the 
airplane pull on the outer end of the 
strut. On the other hand, weight has 
been saved by changing the direction 
of some of the truss wires and reduc- 
ing their size, while the strength of 
the structure was actually increased. 
Mr. Hall agreed that the foot fittings 
should be at least 15 to 20 per cent 
stronger than the parts to which they 
are attached, and the footings in the 
fuselage should be stronger than those 
in the wings, so that a wing would 
give way before it would pull loose from 
the fuselage. 
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Ratio of Useful Load to Weight 


Considerable discussion on the ratio 
of useful load to airplane weight was 
started by the Chairman and partici- 
pated in by Mr. Hall, Mr. McClane, 
R. W. Gibson, of the General Air- 
planes Corp., and Carl F. Mittman of 
the Curtiss company. The points were 
made that passenger planes are not 
loaded to full weight-carrying capacity 
because the passengers would be un- 
comfortably crowded, and that a larger 
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ratio of fuel load is carried than is 
the case with motor-vehicles. 

Other points debated were fatigue 
of metal caused by vibration, the diffi- 
culty or impossibility of soldering 
aluminum alloys because of electrol- 
ysis, rib spacing in wings, comparative 
load-wWeight ratio of the German Dor- 
nier 100-passenger flying-boat and 
American practice, methods of heat- 
treating and forming duralumin, and 
corrosion of thick and thin sections. 








Frank Quizzed at Dayton 


Members of S. A. E. and A. S. M. E. Sections Draw Informa- 
tion on High-Temperature Liquid-Cooling 


HE FIRST autumn meeting of the 

Dayton Section, held on Oct. 14, was 
a joint meeting of the Dayton Sections 
of the Society and the American So- 
ciety of Mechanical Engineers. It was 
held at the Dayton Engineers Club and 
was preceded by a get-together dinner 
of members of the Dayton Section of 
the S. A. E. About 50 members and 
guests of the two Sections attended the 
joint technical session. 

The speaker of the evening was Ger- 
hardt W. Frank, who gave a résumé of 
his paper, High-Temperature Liquid- 
Cooling, which he presented at the 
Cleveland Aeronautic Meeting of the 
Society in August. This was illustrated 
with lantern slides. 

Discussion following the address con- 
sisted almost entirely of many ques- 
tions, asked by 15 persons in attend- 
ance, and answers thereto by Mr. 
Frank. Some of the additional infor- 
mation elicited was as follows: 

Some oxidation of metals occurs with 
Prestone but this has caused no serious 
effects in the experiments at Wright 
Field. No decomposition of the ethyl- 
ene-glycol solution or traces of attack 
on the metals were evident after 400 
hr. upon examining the inside of the 
engine. No difficulty has been experi- 
enced from stoppage of the flow of the 
cooling liquid by slush formed at low 
temperatures. No application of high- 
temperature cooling has been made on 
automobiles, although one or two com- 
panies are experimenting with it; the 
only advantage would be reduced fuel 
consumption and reduction in weight 
of the radiator and cooling liquid. An 
objection to such use would be that 
greater piston clearance would be re- 
quired. No one has been burned by the 
liquid, so far as Mr. Frank knows, and 
he stated that it is a germicide, which 
is used to some extent as a food pre- 
servative. The reduction in fuel con- 
sumption probably is due to the in- 
creased compression-ratio used and to 
some extent to reduction of friction. 


Asked by F. K. Fassett, a Dayton 
patent attorney and consulting engi- 
neer, why a cylinder seems to lose 
horsepower and at the same time show 
increased efficiency in the tests, Mr. 
Frank said that the Materiel Division 
is not fully satisfied regarding this, 
and is planning some tests to deter- 
mine the cause of additional heat being 
picked up from the manifold and the 
reason for the drop in power. No evi- 
dence of a fire hazard with hot Pres- 
tone has been experienced; when Lieut. 
James Doolittle’s plane crashed, a pool 
of oil mixed with Prestone did not 
burn. 

In an air-cooled engine with the cyl- 
inder temperature measured at the head 
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by the valves, 600 deg. fahr. is re- 
garded as the maximum safe tem- 
perature, and 300 deg. fahr. as the 
maximum safe temperature of the bar- 
rel at a point considerably below the 
top of the piston when at bottom dead- 
center. This barrel temperature is 
higher in an air-cooled than in a water- 
cooled cylinder. 

On the question of temperatures, F. 
W. Heckert, of the Apple Laboratories 
and Chairman of the Dayton Section, 
narrated an experience with a 12-cyl- 
inder air-cooled inverted Liberty en- 
gine, in which he and Lieut. Gaines 
flew from Dayton to New York City in 
October, 1925, and competed in the Na- 
tional Air Races. In the second lap of 
the race the barrel temperature of the 
engine climbed to 360 deg. fahr., which 
was 100 deg. above the safety limit set. 
The engine was running beautifully at 
1900 r.p.m., and the oil pressure re- 
mained normal. The pilot set his mix- 
ture controls for a richer mixture, 
whereupon the temperature quickly 
dropped to 200 deg. fahr., and the 
throttle was then opened wide again. 
The engine had been running on too 
lean a mixture, and the richer mixture 
helped to cool the engine, a method that 
is often resorted to in the operation of 
air-cooled engines, 

The next meeting of the Dayton Sec- 
tion is to be held on the evening of Nov. 
12, when G. D. Welty, of the Alumi- 
num Co. of America, will present a 
paper on the subject, Application of 
Light Alloys to Aircraft-Engine Con- 
struction. 











Airplane Flutter Demonstrated 


Dr. Younger Describes Wing 


, Tail, Aileron and Propeller 


Phenomena at San Francisco 


Az unusually absorbing demonstra- 
tion and address held the close at- 
tention of members and their guests at 
the meeting of the Northern California 
Section on Oct. 10 at the Engineers 
Club of San Francisco. The speaker 
was Dr. John E. Younger, associate 
professor of mechanical engineering at 
the University of California, who gave 
in a popular form the results of his 
experiments on the behavior of wings 
and other airfoils and surfaces in 
flight. 

As an innovation at Section meet- 
ings, a roll-call was made at the start 
of the meeting, each member rising, 
giving his name and affiliation, and in- 
troducing his personal guests, if any. 
Nearly 100 persons were in attendance 
at this, the first purely aeronautic, 
meeting of the Section. Local members 
of the National Aeronautic Association 


had been invited to attend, and Secre- 
tary W. S. Crowell, of the Section, re- 
ports that the officers and members 
hope in the early future to organize an 
Aviation Division. 

A special table at the dinner preced- 
ing the technical session was provided 
for the representatives from Stanford 
University and another for those from 
the University of California Prof. W. 
F. Durand, of Stanford University, 
was called upon during the dinner by 
Chairman H. L. Hirschler to say a few 
words. As he was the second chairman 
of the National Advisory Committee 
for Aeronautics, he referred to the de- 
velopment of the work of that commit- 
tee, since its organization in 1915, in 
stabilizing, directing and furthering 
the scientific study of the problems of 
flight. From the very modest appro- 
priation by the Congress of $5,000 in 
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1915, the cost of the work has grown 
well toward $1,000,000 at present. Cer- 
tain special constructions of a new 
mammoth wind-tunnel and a water 
channel are in view and the immediate 
expenditures will be well over the lat 
ter figure. 


Next Meeting an Inspection Trip 


Dr. Zeitfuchs, Vice-Chairman, then 
reported for the Program Committee 
that the next meeting is to be an in- 
spection trip to the plant of the Hall- 
Scott Motor Co., in Berkeley, Calif., on 
Nov. 14. Carl Abell, of the Hall-Scott 
company, announced that the plans are 
for the company to have open house in 
the afternoon at 3 o’clock and to fur 
nish a number of competent guides to 
take visiting members of the Section 
through the works in groups of 10 or 
12 and explain the work that is going 
on. Dinner is to be served at 6:30 p. m. 
in the company cafeteria, which seats 
212 and was claimed by Mr. Abell to be 
the best industrial cafeteria on the Pa- 
cific Coast. Col. E. J. Hall has prom- 
ised to present a paper at the meeting, 
and a second paper may also be given. 
tegarding the work at the Hall-Scott 
plant, Chairman Hirschler asserted 
that the production methods there are 
not surpassed anywhere and that mem- 
bers will see many things of interest. 


Demonstrates with Small Wind-Tunnel 


When Dr. Younger began his ad- 
dress, he apologized for failure of some 
motion-picture films of certain experi- 
mental work that he had been doing 
in the last two years to arrive from 
Wright Field in time for the meeting. 
The members had little reason to be 
disappointed, however, as when Dr. 
Younger had received word three days 
before that the film would not be re- 
ceived in time, he had, with the assist- 
ance of Prof. Llewellyn Boelter and 
other members of the faculty and me- 
chanics of the University of Califor- 
nia, constructed a small wind-tunnel 
and equipped it with a 12-in. fan driven 
at a speed of about 3000 r.p.m. and giv- 
ing an airstream of about 10 m.p.h. 

During his talk on flutter in air- 
planes, Dr. Younger illustrated his de- 
scription of the phenomena by means 
of models in the tunnel. Although the 
experiments were simple, he said that 
they were fairly difficult to organize 
and to make behave as they should, and 
that considerable scientific study by 
some of the best men in Europe and 
America underlay them. The facts he 
gave were from first-hand information. 

After reading three accounts of ex- 
cessive wing-flutter, amounting in one 
case to 5 ft. at the wing tips and re- 
sulting in a crash, Dr. Younger demon- 
strated with a model in the wind-tun- 
nel just what occurred. The wing, he 
said, has a natural frequency, which 
would be about three vibrations per sec- 
ond in a monoplane of the type used; 
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that of a Fokker wing is about 4% per 
second. If the frequency of the aileron 
is the same as that of the wing in bend- 
ing, the phenomenon of aileron flutter 
manifests itself, but if the frequency 
of the aileron is rather high compared 
with that of the wing, aileron flutter 
will not occur. This type of flutter can 
always be damped by locating the axis 
of the aileron on the line of the center 
of gravity of the aileron. 


Tail and Propeller-Blade Flutter 


Similarly, the speaker described and 
demonstrated tail-flutter, and told how 
it can be prevented; airfoil flutter, and 
propeller-blade flutter. Investigators 
in Europe have demonstrated that dis- 
tribution of the mass or weight in the 
wing and the location of the elastic 
axis of the wing influence very greatly 
its tendency to flutter. Lantern slides 
of a number of charts of flutter of air- 
foils plotted against air velocity were 
shown on the screen. 

An airplane has all the conditions 
necessary to make it vibrate, continued 
Dr. Younger; the engine is a pulsating 


body to force vibrations, and the whole 
structure of the plane is elastic. Vibra- 
tions are likely to occur anywhere in 
it. To illustrate, he demonstrated vi- 
bration of the spars in the wing. The 
last demonstration was of the stream- 
lines of airflow over an airfoil. Tita- 
nium tetrachloride was used to make 
these visible. “The fumes from this 
fluid have a very vicious appearance,” 
said the speaker, “but they are not very 
bad. Some may escape into the room 
and they are slightly nauseating, but 
do not be perturbed. I have the wind- 
tunnel backed up to the window so that 
we can discharge the smoke into the 
street. Let us hope the fire department 
doesn’t see it, or we shall have more 
fun still.” 

That the address and demonstrations 
had created intense interest was evi- 
dent from the extended discussion that 
followed. This was participated in by 
Dr. Durand, E. G. Reid, Prof. E. P. 
Lesley and Prof. A. S. Niles, of Stan- 
ford University, and several other at- 
tendants who propounded questions to 
which Dr. Younger made replies. 





Brakes Are Fundamental 


New England Section Hears Yocom Tell, at October Meeting, 


About Variations in Performance 


ECOGNITION of the fundamental 

importance of brakes was demon- 
strated by an attendance of approxi- 
mately 100 at the meeting of the New 
England Section at the Engineers’ 
Club in Boston, Oct. 9. Chairman W. M. 
Clark presided and Alvin M. Yocom, of 
‘Detroit, chief engineer of the Multi- 
bestos Co., delivered a paper on the 
Reasons and Remedies for Variations 
in Brake Performance. Several of his 
listeners came from the Multibestos 
factory in Walpole, Mass. Interest in 
the meeting was stimulated by a well- 
arranged circular, one of the good fea- 
tures of which was a topical outline of 
the paper to be presented. 

Good brakes are said by Mr. Yocom to 
be the best possible remedy for a faulty 
decision on the part of the driver. Var- 
iations in braking effect are quickly 
noticed and cause criticism, and what 
a great amount of power must be ab- 
sorbed by a comparatively light mech- 
anism is not always appreciated. One 
stunt that is used by engineers in test- 
ing or demonstrating brakes is to oper- 
ate a car in second gear with wide- 
open throttle and hold the speed to 
20 m.p.h. by means of the brakes. At 
the end of 5 miles the brakes are in- 
spected to see what changes have oc- 
curred. 

Excessive heat has a detrimental ef- 
fect upon brake operation. Successive 
stops from high speed necessitate 


harder pressure on the pedal. One help 
for this condition is to shrink a cool- 
ing ring on the outside of the brake- 
drum. Mr. Yocom reported a test in- 
cluding 25 stops from a speed of 70 
m.p.h., in which the stopping time was 
reduced from 13 sec. to 8% sec. by the 
application of a ring. The extra cost 
of such a ring makes doubtful its gen- 
eral adoption, but it can be applied in 
service to cars that travel hilly roads. 

Heat also changes the contour of the 
brake-drum and shoe, so that contact 
may come only in the middle portion of 
the shoe. Mr. Yocom suggested that 
study of the distortion, such as has led 
to the use of Invar struts in pistons, 
may lead to improved brake construc- 
tion that will remedy this difficulty. 

Water on the drums and bands af- 
fects some brakes very seriously, par- 
ticularly external brakes. Mr. Yocom 
suggested the application of powdered, 
not flake, graphite, as making brake 
action more independent of moisture, at 
the expense of a slight loss in the max- 
imum effect with dry brakes. He does 
not consider it desirable to have the 
brakes act as strongly when wet as 
when dry, because of differences in tire 
adhesion that often are simultaneous. 
Burnishing with graphite also helps to 
prevent rust, which interferes with per- 
fect brake action. 

High-carbon-steel brake-drums are 
said to be subject to scoring, as well 
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as drums of 0.25 to 0.30 per cent car- 
bon. High-carbon steels are likely to 
be less effective because of a lower 
coefficient of friction. Cast drums have 
been used successfully for motor-trucks 
and for transmission brakes on pas- 
senger cars, but their weight and cost 
are prohibitive for wheel-brake drums 
of passenger-cars. Chromium-plating 
of drums has been tried; but it reduces 
friction, and the coating does not last. 
Chairman Clark announced that W. 


Lawrence LePage, of the Kellett Air- 
craft Corp., will be the speaker at the 
next meeting of the Section, which will 
be held Nov. 13, at the Engineers’ Club, 
2 Commonwealth Avenue, Boston. Mr. 
LePage was formerly a member of the 
New England Section. His subject will 
be Fundamentals of Flight and Air- 
plane Design. The December meeting 
will be on front-wheel drives, and other 
meetings during the year will be on 
body construction and on service. 





Metal Construction of Airplanes 


Milwaukee Section Hears History of the Art and Details of 


Hamilton Design 


LL-METAL Airplane Construction 
d was the subject considered at the 
opening meeting of the Milwaukee Sec- 
tion, held at the Milwaukee Athletic 
Club, after a dinner on Wednesday 
evening, Oct. 2. Chairman Arthur C. 
Wollensak presided, and about 75 mem- 
bers and guests attended the meeting. 
The speaker was S. H. Young, chief en- 
gineer of the Hamilton Metalplane Di- 
vision of the Boeing Airplane Co., Mil- 
waukee. 

Metal construction was said by Mr. 
Young to have been introduced in the 
pioneer Maxim and Langley machines, 
one of Maxim’s using more than 1000 
ft. of steel tubing. Some French de- 
signers made serious attempts to use 
metal in 1910, but most of the pioneer- 
ing is credited to Germans; Dr. Claude 
Dornier, Professor Hugo Junker, and 
Dr. Adolph Rahrbach. Development at 
the time the World War ended called 
for tubular-steel fuselage structures, 
but efficient wing structures of wood 
continued to predominate. 

Airplane construction in Europe since 
the war has followed different lines in 
different countries, according to Mr. 
Young. The French retained the prac- 
tice of developing all-wood structures, 
even in some of their present fighting 
planes; while the English have been de- 
veloping steel structures, in particular, 
steel wing-spars and ribs. Most of 
these are covered with fabric; but sev- 
eral successful all-steel airplanes have 
been made, notably the Bolton and the 
Paul fighter. 


Monocoque Metal Fuselage 


Mention was made of the monocoque 
type of wooden fuselage construction. 
It is said that all-metal fuselages can 
be designed that embody the main ad- 
vantages of this construction, includ- 
ing excellent streamlining and the use 
of the skin to carry most of the load. 
Neither wood nor metal has demon- 
strated great advantage in weight, ac- 
cording to Mr. Young, but some engi- 


neers believe that recent improvements 
will make possible a weight saving of 
15 to 25 per cent in metal structures. 
This, with the advantages of metal for 
mass production, will give all-metal 
construction the preference. 

Reference was made to the character- 
istics of the metals available, including 
Alclad. Mr. Young cited the experience 
of his company with seaplanes in the 
tropics for more than a year without 
corrosion of the duralumin parts. After 
varnishing the individual parts, the 
structure was coated, inside and out, 
with a bituminous paint and an outer 
coat of aluminum bronze. One of these 
tropical seaplanes, that has been in the 
air approximately 1750 hr., was shown 
on the screen. The plane itself has re- 
quired only minor repairs, although the 
engine has been replaced. 

Representative airplanes were men- 
tioned by name in three classes, one 
class embodying composite construc- 
tion of metal and wood, another having 
all-metal structure with fabric cover- 
ing, and the third being made entirely 
of metal. The all-metal wing of the 


Hamilton models H-45 and H-47 were 
described as typical of construction in 
the third class. 


Ribs Almost Eliminated 


This wing is built on two main spars 
and four auxiliary spars, all of Pratt- 
truss type. Frequent inter-spar brac- 
ing takes the place of ribs, and the skin 
serves as a drag-brace for the cantilever 
portion of the wing. As shown in the 
accompanying engraving, the wing is 
cantilever in form beyond a point 50 in. 
from the fuselage. The gasoline tanks 
are enclosed in the portion of the wings 
next to the fuselage, and the oil tank 
serves as the leading edge just to the 
right of the fuselage. Corrugated du- 
ralumin 0.015 in. thick forms the skin, 
riveted at each spar. The leading edge 
is made from 0.032-in. duralumin, sup- 
ported about every 4 ft. by a duralumin 
nose-rib of bulb-angle form. 

Corrugated skin is used for the fusel- 
age. The front and central portion of 
this is provided with an internal struc- 
ture to carry the load, but the skin pro- 
vides the entire strength of the rear 
portion. 

Lanternslides showed the wing con- 
struction and the structural character- 
istics of the all-metal pontoons; also 
exterior views of an airplane and a 
seaplane. The structure of one of the 
wing spars was further shown in a pho- 
tograph ‘recording a test to destruc- 
tion, in which the spar was loaded until 
it gave way. One detail of the pontoon 
is the provision of splash strips at the 
sides of the front portion, to deflect the 
spray outward and downward so that 
it will not interfere with the propeller. 
Three-bladed propellers are used on the 
seaplanes, as they are said to produce 
less spray than two-bladed propellers. 

In the discussion, Mr. Young an- 
swered a question by saying that all 
wing spars are not subjected to a load- 
test, but the Government requires such 
a test of the type, in the presence of 

(Continued on p. 555) 
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The 1929 Transportation Meeting 


HE PLANS are practically completed for the 

Transportation Meeting of the Society that will 
be held at the Royal York Hotel in Toronto, Canada, 
this year. There will be four days of morning and 
afternoon sessions devoted to the presentation of pa- 
pers on and the discussion of a variety of topics of 
importance to motor-truck and motorcoach fleet-opera- 
tors, whether they be associated with independently 
operated companies or organizations supplemental to 
steam or electric-railway transportation. For the first 
time in the history of the S.A.E. Transportation Meet- 
ings, an entire day will be devoted to joint sessions 
with the Motor Transport Division of the Ameri- 
can Railway Association, with prepared programs. 
Further information regarding the meeting is printed 
in this issue on p. 442. 


Aeronautic Meetings 


HE AIRCRAFT and aircraft-engine activities of 

the Society are finding culmination in a large 
number of National and local meetings. Aeronautic 
meetings have been held recently by the Buffalo, Chi- 
cago, Dayton, Metropolitan, Milwaukee, Northern Cali- 
fornia, Northwest St. Louis and Washington Sections. 
Similar meetings are scheduled for this month by the 
Dayton, Detroit, Indiana, New England and Northwest 
Sections. 

The Western Aeronautic Meeting will be held in Los 
Angeles, Nov. 12 and 13, sponsored by the Southern 
California Section, in the week of the Aircraft Show 
of the National Aeronautical Chamber of Commerce. A 
one-session meeting will be held at Miami, Fla., on Jan. 
14, at the time of the annual Miami Air-Meet. The 
topic for discussion at this meeting is International Air 
Transportation. 

The first National Aeronautic Meeting of the So- 
ciety in 1930 will be held at St. Louis, Feb. 18, 19 and 
20, during the week of the International Aircraft Ex- 
position. In connection with the Third All-American 
Aireraft Show in Detroit, a two-day meeting, includ- 
ing a dinner, has been scheduled for April 8 and 9. 


The Manly Medal 


N HIS presentation address of the first Manly Medal 
] to S. D. Heron at the Aeronautic Meeting at Cleve- 
land in September, Charles L. Lawrance very fittingly 
said: 

“Charles M. Manly built the first modern airplane- 
engine; in fact, the first airplane engine. Only in 
recent years have we come back up to the levei of 
Manly. If ever there was a genius in mechanical en- 
gineering and in working out the theory of what a 
practical thing should be, it was Manly. He had noth- 
ing to work on but the creative power of his own 
brain.” 

It probably is not generally known that the story of 
the building and testing of this engine, with descrip- 
tive details and photographs of the trial flights, is re- 
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corded in the Langley Memoir on Mechanical Flight, 
Vol. 27, No. 3, of the Smithsonian Contributions to 
Knowledge, published by the Smithsonian Institution, 
City of Washington. Samuel Pierpont Langley, then 
Secretary of the Institution, had this volume in prep- 
aration at the time of his death in 1906, and Part I, 
recording experiments from 1887 to 1896, was written 
by him. Part II, on experiments from 1897 to 1903, 
was written by Mr. Manly, who became Mr. Langley’s 
chief assistant in June, 1898. It is an inspiring story 
of courage and perseverance in spite of mishaps and 
public ridicule. 
The original Manly airplane-engine may be seen at 
the Smithsonian Institution. 
Cooperative Fuel-Research 
HE cooperative fuel-research, which has been par- 
T ticipated in for nearly ten years by the National 
Automobile Chamber of Commerce, the American 
Petroleum Institute, the Bureau of Standards, and the 
Society of Automotive Engineers, has not only developed 
harmony and cooperation among engineers of the auto- 


mative and petroleum industries. but has contributed , 


largely to fuel saving for the whole Country, and de- 
veloped data regarding crankcase-oil dilution, the rela- 
tion of fuels to engine starting, and the effect of fuel 
on engine acceleration. Currently, the matter of se- 
curing satisfactory control in the relation of fuels and 
compression ratios is under study. In the program of 
knock-testing research, a number of laboratories are 
working in the joint study with identical equipment, 
technique and fuel. This procedure has never been 
undertaken before. In this novel situation it will be 
most interesting to ascertain to what extent the dif- 
ferent laboratories will be able to secure essentially the 
same test-results. 


A United States of. Europe 


T THE Production Dinner in Cleveland last 
Pr oath, James Schermerhorn, Sr., said that Victor 
Hugo’s vision of a United States of Europe is on the 
way to development; that, if the United States of 
America has been the wonderment of all history 
through the uninterrupted interchange of products 
across the borders of its 48 States, why not a Europe 
that has its 16 republics and 16 monarchies turned into 
32 States; and that the leadership in Germany and in 
France and throughout the Continent generally has 
accepted the pronouncement of the former Premier of 
France, M. Edouard Herriott, that Europe must be 
federated or cease to exist. 


Copies of 1929 Handbook Wanted 


WING to unprecedented demand, the 1929 edition 

of the S.A.E. HANDBOOK has been entirely ex- 
hausted. Any members who wish to dispose of copies 
of this edition are requested to communicate with the 
Society office. Suitable allowance will be made for such 
copies furnished, according to condition. 







































Soe eee en 


~~ Tl = 


oe = FF _— 


+ grereaesecemperemmnnty censor 


a 


Manufacturing Control through 
Economic Size of Production Lots 


By Farrrietp E. RaymMonp! 


Propuction Meetinc Parer 


| otet-albeta lean of parts in lots, rather than continu- 
ously, may sound like a throwback in the automo- 
tive industry, but analysis shows that forgings, stamp- 
ings, body parts and hardware, replacement parts and 
other parts are made in lots even in large-production 
manufacturing organizations. Formulas presented by 
Professor Raymond determine the size of lot that can 
be manufactured most economically, and show when 
the change should be made to continuous production. 


ISCUSSION of a subject that depends upon 

lot production instead of continuous produc- 

tion may seem out of place before a group of 
production executives from the automotive industry, 
which unquestionably has done more than any other 
industry to establish the value of continuous produc- 
tion. Continuous processes for fabrication and assem- 
bly of automobiles has been the logical outcome of the 
opportunities for mass production presented by the 
wide-spread popular demand for motor-cars. The nat- 
ural urge to reduce manufacturing costs and eliminate 
unnecessary indirect expense and overhead has been 
sufficient to indicate the transition from the older type 
of process recurring only at stated intervals, wherein 
each unit of production is carried through the various 
operations in groups of like articles or lots, to con- 
tinuous production wherein all such articles flow 
through the process without interruption. Little re- 
course to methods of production research was needed in 
such cases. 


Measures of Management Aid Production Control 


No executive desires to adopt methods of production 
control merely for the sake of having a perfect system 
or a detailed record of manufacturing operations in 
tabular form. A sufficient number of errors will arise, 
from fluctuations in the sales demand or other items 
which cannot be accurately forecast, to entirely invali- 
date at times any system thus established. Compli- 
cated methods invariably incur additional indirect ex- 
pense without proportionate tangible results. The ob- 
vious method to adopt is the one which will inspire 
individual initiative to meet extraordinary circum- 
stances and provide appropriate indices and measures to 
supplement this initiative in making the most rapid 
decisions. Economic-production quantities and certain 
of their contributing factors may be considered as 
such measures, and will lead to lower-cost production 
and the conservation of capital, when properly applied, 
without any undesirable increase in the production 
control cost. 


* Assistant professor of industrial research, department of eco- 
nomics, Massachusetts Institute of Technology, Cambridge, Mass. 
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Illustrated with Cuarts 





Consideration is given even to such factors as cost 
of the space for finished stores and return on the in- 
vestment in finished parts. The lots indicated are not 
absolute quantities but are designated in the form of 
economic ranges that are practicable until there is a 
marked change in sales or other conditions. The 
formulas can also be applied to help determine the 
type of handling equipment that will be most economi- 
cal to use. 


Any complex system is inflexible, as it is more than 
likely that the emphasis will be placed upon the ac- 
curacy of results and the details of the records rather 
than upon the achievement of a simple and effective 
method of control; whereas a fairly broad economic 
range, within which any size of lot or production quan- 
tity selected to meet the existing demand will be suit- 
able, can be established through the policy proposed. 
This will provide the desired flexibility and will permit 
sufficient latitude to allow for errors that develop from 
a reasonable variation from the expected situation. 
The lower limit of the economic range will be found 
to be the economic-production quantity, because the 
production quantity in that case is the smallest within 
the range and requires the least working capital of 
all for its manufacture. Any quantity outside of this 
range cannot be produced for the same manufacturing 
advantage—that is, with regard to the ultimate gross 
profit—as those quantities that lie within the range, 
because the ultimate unit cost of articles so produced 
will be increased either by the allotment of the prepa- 
ration charges for too small a quantity or by the in- 
vestment charges upon too large a number of articles 
held in stock against future requirements. 

The field for improvement in manufacturing opera- 
tions for the automobile industry has been extremely 
fertile, as production executives in this industry have 
required little impulse aside from their own initiative 
to transform manufacturing processes from intermit- 
tent production to continuous production. However, as 
time goes on and as the demand for still further re- 
ducing the manufacturing cost of automobiles in- 
creases, management will require more precise tools 
such as those offered by the principles of economic 
quantities to achieve this transformation. 





Intermittent Production Defined 


An intermittent process may be defined as one in 
which the manufacturing equipment, for either fabri- 
cation or assembly of a unit of production, must be 
set up at intervals for the processing of any given lot 
of articles, because these units can be produced faster 
than they can be consumed. The process must be 
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stopped when a sufficient quantity of these articles has 
been manufactured to supply the anticipated demand 
for a reasonable time. Meanwhile, the manufacturing 
equipment is shifted to the production of other articles 
of a related nature, until the stock of the original arti- 
cle has been reduced to the order point; whereupon the 
cycle will repeat itself. 

Production executives are continuously in a quandary 
as to what quantity should be produced in any single 
manufacturing lot. If the executive is production 
minded, he will tend to produce the largest quantity, 
in order that his preparation costs may be most widely 
distributed and that the ultimate unit cost shall be the 
lowest attainable. If he is financially minded, he will 
tend to produce the smallest quantity, because he real- 
izes that the least amount of capital will be required 
for manufacturing operations and that a much more 
rapid turn-over of capital can be obtained. Executives 
of both types are correct in their own individual point 
of view, but the situation demands that the attitude 
of each should be considered in determining the best 
lot quantity to produce under any given manufacturing 
conditions. 

An economic balance must exist between the total 
preparation cost for each lot and the total investment 
charges incurred by the storage of the articles thus 
produced while awaiting eventual consumption on 
future orders to assure the minimum-cost quantity. 
Accordingly, the best quantity to produce will be that 
for which a unit allotment of the preparation cost to 
each article will be equal to the unit storage investment 
charge, because only at this point does the ultimate 
unit cost become the minimum. From this, a simple 
definition for the minimum-cost quantity can be de- 
rived, and the quantity can be determined from the 
expression for the minimum point of the ultimate- 
unit-cost curve. However, a study of the conditions 
makes it evident that the preparation costs are really 
a group of charges which accumulate to the lot or pro- 
duction order irrespective of the size or quantity pro- 
duced; while the investment charges are typical of a 
group which can be reduced directly to unit charges, 
as they depend entirely upon the quantity produced. 
It will be shown that similar charges for capital in- 
vested in work in process, as well as a number of other 
items such as charges for the space occupied by articles 
in storage and certain losses which may occur during 
the storage period, should be included with this second 
group. In other words, the second group may be con- 
sidered as containing all charges that should be logi- 
cally added to the cost of manufacture at the instant 
the articles are removed from stores and that are not 
included with the unit manufacturing cost as a part 
of the value of the articles upon which the investment 
charges are based. 


The Economic-Production Quantity 


In addition to the desire for the conservation of 
capital, manufacturers of automobiles are confronted 
by the problem of obsolescence due to style change and 
design improvements. Both conservation of capital 
and protection against losses from obsolescence can be 
achieved through the production at any one time of the 
smallest number of units that is permissible within the 
economic range. This quantity will obviously be smaller 
than the minimum-cost quantity. Combining all these 
factors, an economic-production quantity may be de- 
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fined as that quantity which can be produced at the 
lowest total unit cost consistent with an economic use 
of capital in its manufacture, taking into consideration 
the preparation charges against each process order, 
investment charges on the capital involved, rental 
charges on the space occupied by the article while car- 
ried in stock, possible losses due to deterioration and 
obsolescence, and the nature of the process. 

The numerical value of the economic-production 
quantity can be obtained from that for the minimum- 
cost quantity by means of a corrective factor which 
takes into account the fact that any increase in the 
manufacturing cost which is due to the production of 
this smaller quantity is exactly offset by the reduction 
in capital charges, because of the smaller amount of 
invested capital required. In this way, the manufac- 
turing advantage is maintained, as the gross profit de- 
rived from the sale of such articles is in no way 
diminished by the resulting increase in cost. As the 
advantage in both cases is the best attainable, the 
larger or minimum-cost quantity and the smaller or 
economic-production quantity evidently must be the 
upper and lower limits of the economic range which 
lies between them. This makes possible the determina- 
tion of the probable limits of economical production in 
advance, with reasonable accuracy, and these limits 
can be issued to the production-control division and 
there permanently recorded as a guide for scheduling 
production in accordance with the immediate sales de- 
mand. These limits will provide the necessary flexi- 
bility which could not be obtained by a single economic 
quantity and obviate the necessity for repeated calcu- 
lation of the most desirable quantity for frequently 
changing rates of consumption. 


Applications of Economic-Production Quantity 


Naturally the economic-production quantity will be- 
come the standard for the control of production in all 
cases, because it takes into account both the conserva- 
tion of capital and the necessary protection from obso- 
lescence, besides assuring the maximum return upon 
the capital employed. Economic quantities can be ap- 
plied both to the fabrication of parts and to assemblies 
where the process is intermittent. As a large number 
of fabricated parts enter into any assembled unit and 
as it is possible that any number of these parts may be 
used in a variety of assemblies, an economic quantity 
must be determined for the assembly operations inde- 
pendent of that for each of the fabricated parts. 

Again, the principle of economic-production quanti- 
ties can be applied to purchasing raw material or fin- 
ished parts which are used in the various assembly 
processes; and the quantity can be determined in this 
case in a similar way, because the major factors are 
likewise either independent of or dependent upon the 
quantity purchased. However, the computation must 
be entirely separate in detail, as these factors are com- 
posed of items of an inherently different nature. Eco- 
nomic-production quantities will be found of con- 
siderable value, also, in production analyses and in 
determining the best method of manufacture. 

Even though the greater part of the manufacturing 
operations in the automotive industry lend themselves 
to a continuous type of production, there are conditions 
in the manufacture of certain parts which still demand 
an intermittent type of process. The factors which 
have heretofore prohibited the adoption of a continu- 
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ous process can be more accurately studied in the light 
of economic quantities, so that the final transition can 
be accomplished at the earliest possible moment. A 
review of a number of typical instances of this sort 
may demonstrate more clearly where economic quanti- 
ties can be applied. 

Automobile Chassis Parts.—Scheduling of auto- 
matic machines usually presents a problem for economic 
quantities, because their initial set-up is extremely 
costly and their rate of production often is greater 
than the rate of consumption, as measured by the 
eventual sales demand. This type of manufacturing 
equipment naturally has a decided advantage as to low 
cost of production; however, the unit cost of articles 
produced by them can be substantially lowered if the 
number of set-ups per year for such machines can be 
reduced. Forging operations must of necessity proceed 
according to an intermittent process, even in large 
automobile-manufacturing plants where the remaining 
fabricating operations on the forged blanks are con- 
tinuous. This is because the die set-up costs are ex- 
tremely high and also the rate of production is far 
greater than the usual rate of consumption. A stock 
of these blanks must be maintained continuously, to 
assure an ample supply of forged blanks for the re- 
maining continuous operations. Obviously, this is an 
ideal situation for the use of economic quantities. 

Another typical case of this sort exists in the 
pressed-metal departments, where the various shapes 
for bodies, fenders and miscellaneous brackets and 
structural parts for the chassis are manufactured. 
Here again the set-up charges of the manufacturing 
equipment are large in comparison to the unit cost of 
each piece manufactured, and the production rate is 
enough greater than the consumption rate so that the 
machines have to be stopped at intervals and set up 
again for processing other parts while the stocks of 
the original articles are being depleted. 

Body Parts and Hardware.—In the manufacture of 
automobile bodies, the wood-working division presents 
another phase of the problem. Here the process is ap- 
parently continuous, but many varieties of shapes used 
in the fabrication of the wood frame for the bodies 
may be processed over the same production line. The 
machines in this line naturally have to be set up dif- 
ferently for each shape that is to be manufactured. 
Again, the production rate for each operation is ex- 
tremely rapid, because of the nature of the work. A 
large amount of material, the value of which will be 
considerable, will accumulate between successive opera- 
tions, though it may represent only a few hours of nor- 
mal production. Usually wood shapes of this nature 
will not accumulate at the end of the process as they 
can be delivered continuously, during the manufactur- 
ing period for any given lot, to the point where the 
body frames are fabricated, and these body frames in 
turn can be delivered continuously to the point where 
the outside metal sheathing is applied. The theory of 
economic-production quantities applies in this case, as 
well as in the two previous cases, although there is no 
storage of finished units of production awaiting further 
fabricating or assembly, following the completion of 
any process, because the preparation charges will have 
to be offset by the investment charges upon the inven- 
tory of the wood shapes that have accumulated in ad- 
vance of each operation. As a result, smaller banks of 
material can be held between operations, owing to a 


more accurate conception of the production require- 
ments; and a longer period of production can be in- 
augurated, to cut down the total number of set-ups that 
must be made in any manufacturing period. All of this 
procedure will lead to a lower ultimate cost for produc- 
tion. 

A similar situation is to be found in the manufacture 
of hardware for automobile bodies. Continuous pro- 
duction can be utilized in the manufacture of certain 
standard types of hardware. Individual set-ups will be 
required in cases where variations in design occur, but 
the differences will make little change in the set-ups, 
and the process to all intents and purposes may appear 
to be continuous. However, as stocks of raw material 
may be necessary to some extent, even if finished stocks 
can be dispensed with, the process is in reality of an 
intermittent nature; and an economic lot can be deter- 
mined for it, to correctly absorb the set-up and invest- 
ment charges involved. 

In other cases, where the style factor is of consider- 
able importance, the process must be intermittent even 
though the manufacturing equipment can be arranged 
according to the logical sequence of operations. As the 
quantity to be produced at any one time cannot be too 
great, owing to the obsolescence factor and the fact 
that the normal rate of production is usually greater 
than the rate of consumption, the application of the 
principle of economic-production quantities to such 
cases will aid materially in determining the bank of 
work needed between operations, as previously illus- 
trated for wood shapes, so that only the minimum 
amount of working capital will be needed. 

Finally, for articles composed of a considerable num- 
ber of parts and requiring a complicated assembly op- 
eration, it has been found advisable to store the parts 
in advance of assembly, so that the fabrication and 
assembly processes can proceed independently. Eco- 
nomic quantities present the only reliable method of 
control under such circumstances. 

Automobile Accessories.—Continuous assembly of 
any one special design of automobile accessory is not 
feasible, although the product has practically a uniform 
internal mechanism, if there are slight variations in 
design to suit the requirements of different customers. 
However, arrangements can be made for all groups to 
flow through the process in succession. The necessary 
set-up for various groups should be made at intervals 
such that the cost of setting up the assembly line can 
be pro-rated to the largest number of articles in each 
of the groups or lots. 

Here again the investment charges will probably ac- 
crue from the bank of material in process, although 
some finished stocks may be required to meet the cus- 
tomers’ requirements while other groups of articles are 
being produced if immediate shipment following the 
completion of any lot cannot be arranged. Economic 
quantities will aid materially in reducing costs and in 
planning the production schedules. In processes of this 
nature, the losses incurred by an undesirable inter- 
mingling of groups varying slightly in design are not 
evident upon the surface to persons intimately con- 
nected with the supervision of the process and manage- 
ment requires one of its special tools as an aid to ex- 
posing the extent of these losses. 

Replacement Parts.—The service division of an auto- 
mobile manufacturer can profit to a greater degree than 
almost any other division by the use of economic quan- 
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tities. Service parts required for other than current 
models cannot be produced on schedules that depend 
upon the activity of the sales department. Although 
there is a fairly uniform demand for repair and replace- 
ment parts, probability enters into the determination 
of this demand to a considerable degree, especially as 
complete obsolescence approaches, and at no time is the 
volume sufficient to warrant the continuous production 
of such parts. Accordingly they must be produced by 
intermittent processes, in lots of convenient size to 
yield as low a manufacturing cost as practicable with- 
out entailing too large an investment charge for carry- 
ing the parts in inventory to meet this more or less 
indefinite demand. 

Service parts for current models can be withdrawn 
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directly from the manufacturing process of those ar- 
ticles which are required for immediate assembly pur- 
poses; and it will be quite natural to set aside reserves 
of these parts, when the model is discontinued, to delay 
as long as possible their manufacture by an intermittent 
process. The price normally charged for service parts 
is sufficient to include the inventory charges for carry- 
ing these reserves for a reasonable length of time, so 
that the principle of economic-production quantities 
will not enter into this problem until replacement of the 
reserves is required. 

Motor Trucks.—The manufacture of motor trucks 
presents a problem that is different from that of large- 
scale automobile manufacture. The conditions for au- 
tomobile manufacturers whose volume for each model 
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TABLE 2—FORMULAS FOR THE 


MINIMUM-COST QUANTITY, Qm 
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Conditions for Use 


when the index ratio Rs is greatest 


when the index ratio Rw is greatest 


when either index ratio Rs or Rw needs to 
be supplemented by the other 


when the index ratio Rv is greatest 


when either index ratio R» or Rs needs to 
be supplemented by the other 


when either index ratio Rr or Rw needs to 
be supplemented by the other 





is small is quite similar to those of the truck manufac- 
turer, and can be considered at the same time. Stand- 
ardization in the design of chassis and bodies, as weli 
as of their component parts, aids greatly in solving the 
problems of manufacture in general; however, as cus- 
tomers’ requirements vary to a greater degree in this 
field, it is more economical to carry stocks of assemblies 
of the major standard units or their component parts 
than to stock finished trucks or cars according to the 
estimates of the sales department. The desires of the 
customer can change rapidly, no matter how accurately 
they may be forecast; and then certain stocks of these 
complete units will not be turned over within the de- 
sired time, involving excessive charges upon inven- 
tories. When stocks of finished parts and sub-assem- 
blies are maintained, a desired degree of flexibility can 
be achieved, as these units can be diverted at will to a 
type of truck or car that is in demand. Production in 
this case can proceed with greater assurance if the ar- 
ticles are manufactured by an intermittent process, as 
any discrepancy in the sales estimates will not then be 
so serious in their final effect. However, the ultimate 
assembly of the chassis and body into the completed 
truck or car can proceed continuously, when the cus- 
tomer’s order is released, because there is practically 
no equipment in the assembly line that requires set-ups 
of any moment. Accordingly, economic-production 
quantities may be found to have a very general appli- 


cation to the fabrication divisions of the automotive 
industry. 

Continuous Processes and Storage Problems.—Owing 
to the natural seasonal demand for automobiles, there 
are times when parallel lines of manufacturing equip- 
ment cannot all be in production. For instance, if two 
lines of identical equipment are manufacturing the 
same article continuously and the demand is fluctuating 
sufficiently to require a third line in operation at inter- 
vals in order to meet the peaks, this line may be con- 
sidered as operating “pon an intermittent process. It 
is inadvisable to operate it only for the excess quantity 
immediately required, as the expense of starting and 
stopping production on this line will multiply rapidly 
as the peaks in demand come and go. If a larger quan- 
tity can be produced once the line is in operation, these 
preparation charges can be spread over a larger num- 
ber of articles even though some must be held in re- 
serve for future consumption, as the accumulation of 
investment charges will in all probability not be as 
great as the too frequent recurrence of the preparation 
charges would be. The principle of economic quantities 
can be applied in this case as well, to determine the best 
manner in which to smooth out the production for these 
abnormal points in demand. Moreover, if the manu- 
facturing equipment can be utilized in the intervals be- 
tween the production of one type of article for the 
manufacture of another type, duplication of equipment 
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can be dispensed with and the capital represented by the 
value of such machines can be utilized for other pur- 
poses. 

Spaces provided at each operation for material in 
advance of production often are limited, and certain 
products of peculiar shape may require an unusually 
large space. 
will aid in determining to what extent it is reasonable 
to set aside space on the manufacturing floor or in fin- 
ished-parts stores in such cases. 
the denominator of the formula given in this paper for 
the economic production quantity takes into account 
this factor and provides means for balancing the cost 
of such spaces with other costs of a similar nature and 
those for preparation of the process, so that the most 
economical condition can be determined. 


The application of economic quantities 


The last element of 


TABLE 









Add to 
the unit material cost m all labor and overhead 
charges incurred in fabricating or assembly 
operations on the article, excepting charges aris- 
ing from setting up and dismantling of machines 
which perform these operations, and charges for 
production control included in preparation cost 
P, and any charges entering into the space 
charge s. These two items should be removed 
from overhead and distributed upon operating 
time, if possible. 


D = Rate of delivery to stores’, in pieces per year". 


When the manufacturing and sales periods over 
lap, the number of articles per day which can 
be removed from the process as fast as the 
fabrication or assembly of each is completed 
should be determined. If no overlap occurs, the 
factor kp = 0 should be used. 


h = Average height to which storage is permitted in 


m 


of 


Number of batches per lot’. 


finished parts stores, in feet. This height should 
be measured from the floor to the top of the high- 
est bin, which in all probability will be constant 
for a given stores space. If no bins are pro- 
vided, this will be the height to which finished 
articles can be conveniently stacked one upon 
another, or one container upon another. 


Interest rate, in percentage per year’; the rate 


which ordinarily would be paid on borrowed 
capital and which would be used to compute the 
cost of the capital employed. 


Unit material cost, in dollars per piece. This is 
the total unit cost of the material used in mak- 
ing the part, taken at the time it enters the 
process or is set down at the first operation. 


When a lot is divided 
into batches for ease in processing, n should 
represent the number of subdivisions, and if the 
lot can be processed continuously, n—1/0 or 
7 


and » are optional data, for use only in spe 


] 
al Cases. 


8’ Any manufacturer whose practice it is to express the rate 
consumption S in terms other than pieces per year—such 
us nieces per month, week or day 
specified for items D, i, r, S, and s by the number of n 


should divide the values 
onths, 


weeks or days normally worked in a year, short time or over- 
time being disregarded 


3—DEFINITIONS AND INTERPRETATION 





Changing from Intermittent to Continuous Produce: 
tion.—The application of economic quantities can be 
adapted to any intermittent process to investigate con- 
trolling factors which are unusually obscure, so that 
the need for finished parts or sub-assembly stores can 
be eventually dispensed with. Determination of the 


-size of the production lot under these new circumstances 


may show that an intermittent process can be trans- 
formed into a continuous process even though the 
manufacturing equipment for the present must remain 
idle during certain periods. In each case, the reduc- 
tion of the manufacturing cost due to continuous pro- 
duction must offset the carrying charges for the idle 
machines. 

Production Analysis——Aside from the advantages 
gained through the control of production, the principles 








OF DATA 


P = Preparation cost, in dollars per lot. This item in- 
cludes total labor and overhead charges involved 
in setting up the machines for fabrication of 
the parts or the assembly line and dismantling 
the set-ups after parts are produced, as well as 
the cost of writing and issuing the production 
order, and _ production-control costs or any 
charges directly pertaining to the lot and not 
dependent upon the quantity produced in the lot. 

yr = Expected rate of return on capital employed, in 
percentage per year’; representing the desired 
rate of return for capital employed in the busi- 
ness, with due regard for the risks of business. 
This item may vary from 12 to 30 per cent, de- 
pending upon the risk involved. 

S = Consumption rate, in pieces per year’; based on 
the most reliable estimate possible for the total 
consumption of the part or assembly for the | 
current year. 

s = Space charge per year’, in dollars per square foot; 
ascertained by adding together all charges such 
as those resulting from taxes, insurance, mainte- 
nance, depreciation and interest for the build- 
ing, equipment and fixtures, and expenses such 
as heat and light, accruing during the year to the 
finished-stores section, and dividing the total for 
the year by the total floor area for all spaces to 
which these charges apply. 

t — Unit production time, in days. The time consumed 
to perform each operation is determined for one 
piece. If this is on an hourly basis, it should 
be divided by the number of hours in the aver- 
age working day. If the production rate in 
pieces per day is known, the reciprocal of the 
production rate per day for each operation will 
give the unit production time for each operation. 
The decimal figures for all operations are added 
together to obtain the unit production time. 

v Unit 
piece. 


storage space required, in cubic feet per 
This should represent the over-all space | 
required per article, with due allowance for 
clearances, voids in stacking and handling space. 
A representative figure can be obtained by 
measuring the space occupied by a number of 
these articles as they lie in storage and reduc- 
ing it to a unit value. 
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TABLE 4 


Part 1—Procedure for Selecting Applicable Simplified 
Forms of the Equations for Economic-Production 
Quantity and Minimum-Cost Quantity 

(1) Divide s by i and multiply by 2/h, obtaining data 
from Table 3. Item (1) is a constant for 
problems in a given plant and need be calcu- 
lated but once. 

Divide v by ec 

Multiply item (1) by item (2) to find index 
ratio Ry 

Subtract kp/D from 1/s 


where kp = 0, for non-continuous production; 


ky» = 1, for semi-continuous production; and 
ky = 1— (1/n), for batch production. 

Divide t by item (4) 

Divide m by ¢c and add 1 


Multiply item (5).by item (6) to find index 
ratio Rw 


The constant 1, designated as index ratio Rs 
Add items (3), (7) and (8), to obtain Re 


Compare Ry, Rw and Rs, items (3), (7) and (8), 
select the one or two, the value of which is or are 
equal to at least 2/3 Re, and choose simplified 
equations in Tables 1 and 2 which depend upon 
this index or these indexes, as shown in the 
column of Conditions for Use. 





underlying the economic-production quantity can be of 
considerable assistance to process engineers in their 
analysis of manufacturing operations, because the 
limits of the economic range are based upon standard 
conditions typical of the process as established at the 
time of its adoption. The economic quantity can be 
used as a basis for the allotment of certain total 
charges in the computation of predetermined costs 
which in themselves are a standard measure of the effi- 
ciency of the process. If there is a choice of several 
methods of manufacture, the economic quantities and 
the proposed unit costs for all may be determined and 
compared, in order to select that process which will 
ultimately yield the lowest unit cost for production. 
Expensive tools, jigs and fixtures that might yield re- 
markably low costs in large-volume production might 
not earn their cost, if applied to manufacturing the 
same articles at their current rate of consumption, be- 
fore the utility of the article is changed because of 
design obsolescence. Therefore a less highly refined 
process may be most economical for a lot of moderate 
size. 

Choice of machines can be made best with a knowl- 
edge of the most economical quantity that can be pro- 
duced upon those machines; and their adoption may be 
justified, even though they may at times be idle, pro- 
vided the size of the manufacturing lot is sufficient. 
The space allotted to the manufacture of any article 
depends upon the type of equipment employed as well 
as the quantity that is to be placed beside each machine 
curing its operation; therefore, the lay-out of the proc- 
ess also depends upon the economic quantity. When it 
becomes necessary to review the process in advance of 
any contemplated changes, an analysis of the unit pro- 


Part 2—Procedure for Determining the Problem Index 
and the Allowable Variation for Simplified Formulas 

(11) Divide item (7) by item (9) 

(12) Divide ¢ by P 

(13) Multiply item (11) by item (12) 

(14) Multiply the product of i, t and item (6) by 2 

(15) Divide item (13) by item (14) 

(16) Find the square root of item (15) 

(17) Add 1 to item (16) to find Ko 


(18) Select curve in right-hand section of Fig. 2, for 
a percentage of increase in unit cost over the 
minimum cost that is allowable, and locate the 
point on the bottom scale that is below the 
point of intersection of this curve with the 
horizonal line drawn through the Ko scale cor- 
responding to item (17). The decimal figure for 
this point on the horizontal scale will represent 
the allowable variation in quantity, and is 
designated as e. 


(19) Find the square of e 

(20) Divide (1) by item (19) 
The quantity obtained in item (20) may be used 
in place of the ratio 2/3, in item (10), for select- 


ing the simplified form of equation, if greater 
accuracy is desired. 





duction time upon a similar basis may show that cer- 
tain amounts of time which depend upon the lot as a 
whole and not upon the quantity in the lot can be re- 
duced and at the same time evolve worth-while savings 
in the investment charges upon work in process. 

Production Control.—Extending production analysis 
to a consideration of the best method of scheduling, 
a reduction in the number of manufacturing periods 
can be attained if the economic size of lot will permit 
a larger quantity for production than has previously 
been customary, provided the application of the princi- 
ple has achieved a reduction in investment charges or 
improved the manufacturing cost of the article so that 
the total amount of working capital employed will not 
be greater. If the saving of time due to the elimina- 
tion of set-ups is sufficient, an increase in working 
capital may be justified. Moreover, production sched- 
ules for fabricated parts can be prepared in advance, 
so that a certain article will enter into production on 
the same day of any given period. The cost of setting 
up for the next operation can be made a minimum if 
set-ups of a like nature are grouped in such sequence 
that the least number of tool changes and readjust- 
ments are required. 

Selection of material-handling equipment often de- 
pends upon the number of articles to be moved in any 
one time, as well as the nature of the article. The size 
of the lot will then determine the most economical size 
of the container or may indicate that conveyors should 
be provided. This will lead to changing from a process 
in which all articles in the lot must be handled in a 
single group to one in which the lot can be subdivided 
into. any number of batches; and, the batch process 
may be converted into a semi-continuous process, when 
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it is possible to move each article in the lot individually 
by conveyor, or into a continuous process, if lot produc- 
tion can be dispensed with. 


Determination of Limits for Economic Range 


Determination of the limits of the economic range 
need not be included in the routine of the production 
control department, since they are in the form of 
standards and are not a specific quantity which is ap- 
plicable only to the control of production at the immedi- 
ate instant. It would be preferable to have the com- 
putations for these limits made by the process engi- 
neers at the time when the process is originally 
planned, as the required data will be more readily avail- 
able from the production and cost records in their pos- 
session. The numerical values of these limits can be 
obtained by substituting the indicated data, in the gen- 
eral formulas, as given at the head of Tables 1 and 2. 
Equation 1, in Table 1, is for the economic quantity, 
Q-; and equation 2, in Table 2, is for the minimum-cost 
guantity, Qm. The symbols are explained in Table 3. 

In actual practice, both of these expressions should 
be simplified to suit the conditions pertaining to the 
specific industry or product before any attempt is made 
to introduce the data for a given problem. The de- 
nominator of each equation is composed of the sum of 
three groups of terms. These groups may be desig- 
nated as elements, of which the first accounts for the 
influence of the investment charge on articles in stores, 
the second for the influence of the investment charge 
on work in process, and the third for the influence of 
the space charges incurred by articles in stores. 

As a result of an extended amount of research into 
the application of the general formulas to specific cases 
in industry, it has been found that accurate figures for 
the limits generally can be obtained by using only the 
one of these elements which has the greatest influence 
upon the problem; only in exceptional cases will two 
elements be required. The question is which element 
applies to any problem. In general, the first element, 
depending upon the investment charge for articles in 
stock, will yield the required accuracy. However, the 
second element, depending upon the investment charges 
for work in process, will be found to control the situa- 
tion in many cases in the automotive industry, where 
finished parts or assembled stores have been dispensed 
with. The third element, depending upon the space 
occupied by articles in stores, will be the controlling 
factor less frequently. If used at all, it will be in con- 
junction with one of the first two elements. Where any 
of these functions have been eliminated as a part of the 
process, the selection of the appropriate element is 
simple. 


Selection of Simplified Formula 


If all elements appear to have about an equal rela- 
tionship to the problem, a simple method of selection 
has been devised which depends upon index ratios. The 
procedure is given in the calculation sheets, Table 4. 
The method can be successfully employed by using only 
two significant figures in the data and making the com- 
putations for the ratios upon a slide-rule. The second 
part of the calculation sheets is useful for determining 
the allowable error in the data based upon the charac- 
teristics of the problem, and its use is optional. The 
various simplified forms obtained from the general 
formula for the economic-production quantity by the 
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use of this method are shown in Table 1, and those for 
the minimum-cost quantity are shown in Table 2. The 
form having the largest index ratio should be chosen 
for either quantity. In cases where the actual varia- 
tion computed—R,, Ry or R, divided by R.—for this in- 
dex ratio does not exceed the allowable error, as shown 
in item 20 of the second part of Table 4, the element 
depending upon the next largest index ratio should be 
included with the original one if a greater degree of 
accuracy is required. 


Collection and Interpretation of Data 


The various items required for any determination of 
the economic quantity or the minimum-cost quantity 
have been assembled upon the data sheet illustrated in 
Table 3, with a definition of each. Data obtained from 
time studies for the calculation of wage rates or the 
advance computation of unit cost are best suited for 
use in the simplified forms for either of the limits. 

Any accounting method will be applicable to the col- 
lection of cost figures entering into the predetermined 
cost which will be used in the calculation of both the 
minimum-cost quantity and the economic quantity. 
However, care must be taken not to include any item 
which appears in one element in the value of any other 
element employed in either the numerator or denomi- 
nator, except where specifically indicated in the formula. 
For convenience, the entire numerator will be consid- 
ered as a single element depending upon the preparation 
charges. The reason for this is that the economic bal- 
ance depends upon an equality between those elements 
which contain factors independent of the quantity but 
dependent upon the total lot, and those elements which 
contain factors entirely dependent on the-quantity. For 
instance, the term c, which appears in the first element 
of the denominator, should not contain any portion of 
the preparation charges; they should appear only as 
total charges in the numerator. Similarly, if the third 
element in the denominator is employed, the storage- 
space charges used therein should be removed from 
overhead before the burden distribution rates are cal- 
culated. As the third element will rarely be of impor- 
tance to those in the automotive industry, this fact does 
not incur any serious corrections of the accounting 
method. 


Interest Rate and Capital Return Differentiated 


Another distinction that must be borne in mind is 
the difference between the interest rate i and the ex- 
pected normal rate of return from capital employed in 
production r, when used in conjunction as a corrective 
factor for the conservation of such capital in the deter- 
mination of an economic quantity and when the interest 
rate i is used alone for computing the cost of the capi- 
tal employed, in determining the minimum-cost quan- 
tity. This suggests an extended controversy, long ex- 
tant among accountants, over the use of interest as an 
item of cost. In reality, this difference in viewpoint is 
of little consequence in this connection, as the economic 
balance demands recognition at least of the existence 
of the investment charges on inventories but is in no 
way concerned over the accounting problems involved. 

In this case, the cost of capital represented by these 
investment charges, both on stock and on work in proc- 
ess, should be computed from the interest rate which 
would normally be paid for the use of borrowed capital, 
whether the capital is actually borrowed or not, and 6 
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2.0; been the use of the rate of production in determining 
18 the proportion of any lot which can be diverted directly 
16 | from the process to current sales orders. Instead, the 
a | rate of delivery to stores, D in the equation, should be 
. used. It can be readily realized that the rate at which 
Ler articles are delivered to stores will be much more rapid 
1.0 ++ 1 1 4 } } 1 4 4 4 + + + + + + - —-- 
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Fic. 1—CORRECTION CHART FOR VARIATIONS IN THE RATE OF 


CONSUMPTION 
The Correction Is Applied by Using the Formula Qce=—fs.XQn, 
where Qc=the Desired-Production Quantity under the Changed 


Conditions and Qn=the Economic-Production Quantity under 
Normal Conditions 


per cent should be an adequate figure for this item. The 
reason for this is that the owner of the capital, even 
if it is owned by the corporation, is entitled to a return 
for its use. In determining economic quantities, the re- 
turn upon capital normally expected as a reward for 
undertaking the risks of business must be introduced, 
to realize the savings through conservation of capital 
and assure no diminution of the earning power of the 
corporation through the apparent reduction in manu- 
facturing schedules. The range of values for the return 
on capital is extremely large and varies with the nature 
of the industry. In some cases in which the risks are 
exceedingly small, it may be as low as 9 per cent or 12 
per cent; and, in cases in which the risks are high, it 
may be as great as 30 per cent or even more. 
Executives need not be dis- 
turbed over the fact that pri- 
vate information of a corporate 
nature has to be employed in 
order to realize the advantages 
that can be gained through the 
application of economic quan- 
tities, because a single figure 
which will represent the com- 
bined values for the interest 
rate and the expected return on 
capital can be established by 
these executives, and this figure 
can be used as the desired cor- 
rective factor without divulging 
either item. This is true espe- 
cially in cases, most common in 
the automotive industry, in 
which the large central paren- 
thesis in the denominator of 
(1) is equal to (1 + r/i)*. The 
economic-production quantity, 
in such a case, can be reduced to 
Q. \/ (PS/c), when i = 6 per 
cent and r = 1814 per cent. 
General adoption of economic 







than the rate of production for the whole process, ex- 
cept in the case of a process that is composed of only 
one operation. Normally, the greater part of the pro- 
duction period in an intermittent process must precede 
the sales period; the last operation may overlap the 
sales period, especially when each unit can be removed 
from the process as it is completed. 


Data Need Careful Interpretation 


Another error that has arisen from the same source 
is the use of the production rate as a measure of the 
total production time upon which the investment 
charges for work in process are determined. In few 
cases is the production rate for the whole process 
known, whereas the unit production time for any piece 
can be found in the cost records or production records, 
if time studies have been made and wage rates set. Ob- 
viously it will be much more convenient to obtain the 
sum of these unit-production times for each operation 
and use this as the total unit time for the production 
of each piece, rather than to try to compute the total 
production rate and derive a time factor from that. 

Another cause of unnecessarily large errors in the 
economic quantity is the widely divergent definitions 
for prime cost. The term has been avoided in this dis- 
cussion for this reason. Some executives do not wish 
to include overhead in prime cost; and, when prime cost 
without overhead is used in place of the unit-produc- 
tion cost c, including overhead, the resulting figure for 


Increase in Cost Over Minimum Unit Cost, per cent p= (U-Um) X100 
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lot sizes in industry has been 
delayed by the fact that a num- 
ber of fallacies have arisen in 
the interpretation of the data 
required. The most serious has 
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Variation in Minimum-Cost Quantity; e=Q/Qm 


Fic. 2—CHART FOR DETERMINING SAVINGS RESULTING FROM MANUFACTURING 


ECONOMIC-PRODUCTION QUANTITIES 
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the economic quantity will be inordinately large. The 
original purpose of these executives is to be conserva- 
tive by keeping down inventory values, but the smaller 
valuation for inventory purposes serves to increase con- 
siderably the quantity that the economic theory of pro- 
duction seems to allow, and consequently makes actual 
inventory values greater than they would be if over- 
head had been included in the unit-production cost. 


Meeting Changes in Rate of Consumption 


Further criticism of the economic size of manufac- 
turing lots has arisen from industries in which methods 
of forecasting the sales demand have not become re- 
fined as highly as in the automotive industry. Much 
credit can be given to executives in this industry, both 
in the sales and production departments, for having 
established such reliable means for estimating in ad- 
vance the rate of consumption. Corrections for changes 
in the rate of consumption should be of little concern 
when an economic range of production quantities is 
provided, because the natural effect of an increase in 
the sales demand is to increase the rate of turn-over, of 
both stocks and capital, so that the actual amount of 
either will remain practically the same, and not to in- 
crease the quantity produced at any one time. Correc- 
tions have to be made only in cases where the increase 
in demand has been sufficiently great to warrant the 
production of a lot larger than the upper limit of the 
economic range, or the minimum-cost quantity. The 
range will be sufficiently broad to account for all ordi- 
nary changes in demand while the specific part or as- 
sembly remains current. If a revision does become 
necessary, a plot similar to that given in Fig. 1 can be 
used to correct the minimum-cost quantity at any time 
for a change in selling rate. 


Savings from Economic Production Quantities 


The savings that can be realized by the adoption of a 
policy employing economic quantities in production 
control can be determined through reference to Fig. 2. 

The process for any article, either part or assembly, 
has been found to have certain definite characteristics 
which, if evaluated, will yield a number that can be 
used as a problem index. The value of this index K, 
can be determined by following the procedure outlined 
in part 2 of the calculation sheets given in Table 4, in 
which it is item (17). 
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In the center of Fig. 2 is a vertical ordinate M upon 
which is a scale of values of the problem index Ky. Any 
horizontal line drawn for a specific value of K, will cut 
a series of curves, to the right and left, which represent 
the percentage of increase in cost for any production 
quantity over that for the minimum-cost quantity. Any 
specific quantity can be located on the chart by deter- 
mining the ratio it bears to the minimum-cost quantity 
and finding the figure corresponding to that on the scale 
at the bottom of Fig. 2. As the position of the mini- 
mum-cost quantity is indicated by the value of unity, 
quantities which are less will lie to the left of the cen- 
tral ordinate and those which are greater will lie to the 
right. If a vertical line is followed upward from the 
correct point on the scale until it meets the horizontal 
line from K,, the percentage of increase in cost for the 
given quantity will be indicated by the figure on the 
curve which passes through the point of intersection. 

If the limits of the economic range are indicated on 
the chart, as shown in Fig. 2 by the lines F and M, and 
the desired production quantity has been chosen as one 
within this range, the procedure outlined, when applied 
to this quantity as well as the one now in use, will yield 
the percentage of increase in cost for both. Then, if 
the increase in cost for the desired quantity is less 
than that for the quantity now in use, the difference 
between them will indicate the actual savings that can 
be made, expressed as a percentage of the minimum 
unit cost. Any quantity lying within the economic 
range should preferably be used as a basis for produc- 
tion and inventory control, because it will yield a 
greater gross return upon the capital employed in 
manufacturing operations than any figure outside the 
range, even though the increase in cost for the outside 
quantity may be apparently less. 

This method of determining the ultimate savings may 
well be followed by the process engineers as a part of 
their initial test prior to the adoption of a production 
quantity. This procedure requires the calculation of 
the minimum-cost quantity, which is not unreasonable, 
as some measure or standard is necessary. 

Many cases may be found in the automotive industry 
in which no material saving would result from the 
adoption of an economic-production quantity. This does 
not mean that.the theory of economic-production quan- 
tities is at fault, but that the automotive industry is 
far in advance of many other industries in its adoption 
of improved manufacturing methods. 
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Service Characteristics of Light Alloys 


By E. H. Drx, Jr.' 





CLEVELAND AERONAUTIC MEETING PAPER 


LUMINUM and magnesium, being the lightest 
4 commercial metals and therefore the most suit- 
able for aircraft construction, are discussed in their 
pure and alloyed states. Physical properties of the 
pure metals and their alloys are given and the ef- 
fects of adding small quantities of alloying elements 
are shown. Heat-treating as a means of increasing the 
strength per unit weight of the alloys is discussed at 


HERE is no phase of transportation in which 

the reduction of weight is of such importance as 

in aircraft. With the greater commercial use of 

aircraft, durability also becomes a consideration of 

prime importance and dictates the use of metal to re- 

place the less durable materials of the early develop- 
ment period. 

Aluminum and magnesium are the lightest commer- 
cial metals and hence are the most suitable for use in 
aircraft. These metals are relatively soft and weak 
in the unalloyed state, and their application is some- 
what limited. Aluminum sheet of 99.0 per cent purity 
can be hardened by cold-working so that it possesses 
sufficient strength for certain applications, such as 
cowling and gasoline tanks. The addition of 144 per 
cent of manganese increases the strength and hard- 
ness. This alloy, in sheet form, has been used exten- 
sively for cooking utensils and, because of its corrosion 
resistance, which is equal to that of commercially pure 
aluminum, should find useful application in aircraft 
construction, although apparently it is little known to 
aircraft manufacturers at present. 

In aircraft structures the strength per unit weight 


. is the criterion of the value of a material and, there- 


fore, the heat-treated aluminum alloys are of the great- 
est importance, as they possess mechanical properties 
comparable with those of structural steel. Since, how- 
ever, the modulus of elasticity of aluminum and its al- 
loys is approximately one-third that of steel, it is neces- 
sary to use somewhat thicker sections than would be 
dictated from a consideration of the relative tensile 
strengths alone. For this reason, aluminum sections 
are generally of about one-half the weight of steel. 

There are, however, certain applications in which 
lightness is the prime consideration, as, for instance, 
in the case of impeller blades for superchargers; and 
in such applications the magnesium alloys show the 
greatest promise. 

Commercial aluminum contains small percentages of 
iron, silicon and copper as impurities. While these ele- 
ments are referred to as impurities, they are actually 
valuable alloying additions and appreciably increase the 
strength and hardness of the material. 

Copper is perhaps the most important alloying con- 
stituent used in aluminum alloys. The majority of the 


‘ Metallurgist, research bureau, Aluminum Co. of America, New 
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Illustrated with Puorocrarus 


length, together with the effects of natural aging and 
artificial aging at elevated temperatures and of 
quenching; in hot and in cold water after heat-treating. 

The several types of corrosion are considered and 
resistance to corrosion of the metals and their various 
alloys are discussed. Protection afforded to aluminum 
alloy by a surface coating of pure aluminum is de- 
scribed, and other methods are mentioned. 


aluminum castings produced in this Country have cop- 
per as the principal alloying constituent, and alumi- 
num-copper alloys containing 4 per cent of copper form 
the base of the most important heat-treatable alloys. 
The well-known wrought aluminum alloy called dura- 
lumin, or more briefly “dural,” contains from 3% to 4 
per cent of copper and, in addition, 4% per cent each 
of magnesium and manganese. In this alloy, the mag- 
nesium forms with the silicon, which is present as an 
impurity, the compound Mg.Si. This compound and 
the aluminum-copper compound, Cu-Al,, are the effec- 
tive .constituents in the heat-treating process. Man- 
ganese in the duralumin-type alloy has a beneficial ef- 
fect in raising the strength. Silicon is used extensively 
as an alloying element for casting alloys. These alloys 
have the particular advantage of having good corrosion 
resistance and of being easy to handle in the foundry. 
They show less tendency than others toward shrinks, 
draws and cracks. 

Nickel is a minor alloying element. An alloy that 
is rather popular in England and to an increasing ex- 
tent in this Country contains 4 per cent of copper, 2 
per cent of nickel and 11% per cent of magnesium. It 
is used particularly for pistons and air-cooled cylinder- 
heads. However, the more common alloy employed in 
this Country for such purposes contains 10 per cent of 
copper, 1%, per cent of iron, and % per cent of mag- 
nesium. 


Physical Properties of Magnesium-Base Alloys 


In the magnesium-base alloys, aluminum and manga- 
nese are the most important alloying elements. Alumi- 
num is used up to 12 per cent and produces alloys which 
are susceptible to heat-treatment. The addition of a 
small quantity of manganese to the magnesium-alu- 
minum alloys is beneficial. One of the useful magne- 
sium alloys contains 7 per cent of aluminum and 0.4 
per cent of manganese. As sand cast and heat-treated, 
this alloy shows a tensile-strength range of 29,000 to 
38,000 Ib. per sq. in., with an elongation range of 10 
to 6 per cent. It is used for certain starter housings, 
motor cover-plates, pump housings, gearcases and cov- 
ers, intake manifolds and sections of crankcases. These 
parts usually are heat-treated, but not always, depend- 
ing upon whether the additional strength produced by 
heat-treatment is required. 

For rolled sheet, plate, or bar, pure magnesium or 
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an alloy containing 4 per cent of aluminum and 0.4 per 
cent of manganese is used. The tensile strength of 
rolled magnesium is approximately 25,000 lb. per sq. 
in. and the elongation about 4 per cent. By annealing, 
the tensile strength is lowered several thousand 
pounds per square inch and the elongation is raised 
slightly. The “as rolled” alloy, in the form of relative- 
ly thin sheet, has a tensile strength as high as 42,000 
lb. per sq. in. and an elongation of 6 per cent. Anneal- 
ing lowers this tensile strength to 37,000 lb. per sq. in. 
and raises the elongation to 22 per cent. 

Both pure magnesium and the alloy harden rapidly 
during cold-working and it is often necessary to an- 
neal between forming operations. The annealing tem- 
perature is 350 deg. cent. (660 deg. fahr.) The mate- 
rial can be worked at this temperature without harden- 
ing, and this is perhaps the most satisfactory way to 
form the material. 

Magnesium and the magnesium alloys mentioned are 
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Fic. 1—MICROGRAPH OF ALUMINUM-COPPER ALLOY (CU 4.05 
PER CENT) AFTER HEAT-TREATMENT 
The Alloy Was Cast in a Cold Graphite Mold and Reheated at 
540 Deg. Cent. (1004 Deg. Fahr.), and Then Cooled Slowly 
through a Period of 120 Hr. to Room Temperature. The Micro- 
graph Shows the Uniform Distribution of Particles of Copper- 
Aluminum (CuAl,) Precipitate. Magnification 100 Diameters, 
Reduced by Reproduction to 75; Sample Etched in 0.5-Per Cent 
Hydrofliuoric-Acid Solution 


now made which are stable under most atmospheric 
conditions. No difficulties from corrosion have been 
reported from the applications previously mentioned. 
For use in salt water, electrodeposited rubber is the 
only coating which has been found to give satisfactory 
protection. 


Theory of Heat-Treatment of the Alloys 


Since for aircraft construction the heat-treatable 
light alloys are of greatest importance, the general 
theory of the heat-treatment of these alloys may be of 
interest. All of the light alloys susceptible to heat- 
treatment contain one or more constituents which are 
more soluble in solid aluminum or magnesium at high 
temperatures than at room temperature; for instance, 
the solid solubility of copper in aluminum at 548 deg. 
cent. (1018 deg. fahr.) is 5.65 per cent, but at room 


temperature less than 0.5 per cent is soluble. Thus, if 
an aluminum alloy containing 4 per cent of copper is 
heated to above 500 deg. cent. (932 deg. fahr.) for a 
sufficient length of time, the copper will go into solu- 
tion; that is, the atoms of copper will take the place 
of as many aluminum atoms in the aluminum space- 
lattice. If the alloy then be allowed to cool very slow- 
ly to room temperature, all except about 0.5 per cent 
of the copper will come out of solution and form par- 
ticles of the hard compound CuAl, which are readily 
visible under the miscroscope. The structure of the 
alloy in this condition is illustrated in the micrograph 
of Fig. 1. 

If, however, instead of being slowly cooled, the alloy 
is quenched in cold water and then examined under 
the microscope, no particles of the compound will be 
visible, because the cooling has been sufficiently rapid 
to retain the copper substantially in solid solution. The 
structure of the alloy after quenching is illustrated in 








2—EXFFECT OF QUENCHING IN COLD WATER THE SAME 
ALLOY AS IN FIG. 1 AFTER THE SOAKING PERIOD 


The Copper Has Been Retained Substantially in Solid Solution. 

Magnification 500 Diameters, Reduced by Reproduction to 375 

Diameters: Sample Etched in 0.5-Per Cent Hydrofluoric-Acid 
Solution 


Fig. 2. A very marked difference in mechanical prop- 
erties will be shown between the material slowly cooled 
from the solid-solution zone and that rapidly quenched. 
The former is in the soft annealed condition and the 
latter is in the hard and strong heat-treated condition. 
The strength and hardness of the latter material can 
be further increased by heating for 12 to 18 hr. at 150 
deg. cent. (302 deg. fahr.) This reheating to a rel- 
atively low temperature is known as artificial aging. 

The solid solubility of the compound Mg,Si in alu- 
minum alloys and of aluminum in magnesium alloys 
also decreases with decrease in temperature. The al- 
loys containing these constituents are therefore heat- 
treatable, and important for aircraft use. 

When both copper and magnesium-silicide are pres- 
ent, as in duralumin, aging occurs substantially at room 
temperature. This is known as natural aging, in con- 
trast with artificial aging at elevated temperatures. 
If this alloy is tested immediately after quenching, it 
will show a tensile strength of about 45,000 Ib. per sq. 
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in., and if tested periodically during the next four days 
the strength will be found to gradually increase to from 
55,000 to 60,000 lb. per sq. in. After this period of 
time there is substantially no further change. 

Table 1 is a summary of the important characteris- 
tics of commercial aluminum alloys of the types just 
discussed. 


Evaluating the Effect of Corrosion 


Aircraft structures must necessarily be designed 
with a much smaller factor of safety than other struc- 
tures in which weight is less important, and therefore 


TABLE I.—PROPERTIES OF SOME ALUMINUM ALLOYS Most 


tance in connection with any metals used in aircraft. 
This is particularly true in the case of planes intended 
for use on the water and especially for salt-water loca- 
tions. Service conditions vary so greatly that it is 
desirable to construct any craft so that it shall satis- 
factorily meet the most severe service. Owing to the 
importance of this problem, a great amount of effort 
has been concentrated on the study of corrosion and 
this has had a tendency to greatly exaggerate the situa- 
tion. While it should be recognized that the effect of 
corrosion of thin sections is severe, a small amount of 
corrosion on heavier sections, such as castings or forg- 
ings, is relatively unimportant. 
laboratory corrosion tests 














Mechanical Properties 


are made on comparatively thin 
sheet, because of the convenience in 
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2Soft annealed wrought material. 

® Hard-rolled material. 

*Quenched and naturally aged. 

5 Quenched. 

® Quenched and artifically aged. 

7A indicates highest corrosion resistance 

* Refers to castings only; properties vary with heat-treatment. 


relatively slight deterioration by corrosion is of great 
importance, especially as a structural failure may re- 
sult in personal injury or loss of life. For this reason, 
corrosion has always been a problem of great impor- 


is one of the oldest methuds of test- 
ing corrosion resistance. In addi- 
tion, the methods of total or alter- 
nate immersion of samples in a cor- 
rosive solution are used. The most 
effective corroding solution for this 
purpose is a salt-water solution con- 
taining a small quantity of hydro- 
gen peroxide. Forty-eight hours of alternate immer- 
sion in such a solution produces roughly the same 
change in tensile strength and elongation as would be 
obtained after three or four months in the salt spray. 
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The resistance to ordinary atmospheric conditions 
which was exhibited by commercial aluminum first 
gave rise to the belief that this metal was particularly 
resistant to corrosion; and so it is by comparison with 
many other metals. However, the addition of certain 
alloying elements decreases the corrosion resistance 
of the aluminum. For instance, the high-purity alu- 
minum, containing from 99.7 per cent to 99.95 per 
cent of aluminum, recently made available by a new 
electrolytic refining process’ has a much higher corro- 
sion resistance than the commercial grade of 99.0 per 
cent aluminum, which has small amounts of iron, sili- 
con and copper as impurities. Manganese seems to be 
one element that can be added to aluminum in small 
quantities without materially reducing its corrosion re- 
sistance; therefore, the alloy containing about 1.25 per 
cent of manganese has found extensive use in produc- 
ing durable cooking utensils. The corrosion resistance 
of the heat-treatable aluminum alloys is, in general, 
considerably less than that of commercially pure alu- 
minum or of the aluminum-manganese alloy. 


Ways in Which Corrosion Occurs 


Corrosion of metals may occur, in general, in three 
different ways. First, there may be a uniform solution 
of the surface of the metal; such corrosion produces a 
decrease in tensile strength of the article merely be- 
cause of the reduced area to support the load. Since 
the extent of the damage is readily determined by 
visual inspection, this type of corrosion is not to be 
greatly feared. However, the corrosion generally be- 
comes localized in certain areas and the second, or pit- 
ting type, occurs. The pitting type of corrosion is 
more serious than the uniform solution, because the 
pits produce a notch effect which causes a decrease in 
the ductility of the member as well as in the tensile 
strength. Thus, failure is likely to occur suddenly 
without the usual amount of plastic deformation. 

A third type, termed “intergranular” corrosion, may 
occur in certain of the heat-treatable aluminum alloys 
and is the one that has received the greatest amount 
of publicity. Corrosion of this type proceeds along the 
grain boundaries, and therefore considerable deterio- 
ration may occur with only a relatively small amount 
of visual corrosion. Intergranular corrosion causes a 
decrease in tensile strength with a marked reduction in 
elongation. This is probably because of the same sort 
of notch effect that pitting produces. A great deal has 
been learned in the last five years concerning this type 
of attack, but prior to this time it was something of 
a mystery and, like all things about which little is 
known, much was feared. It was believed in some 
quarters that this intergranular deterioration occurred 
spontaneously and went on whether or not corrosive 
influences were present. This, of course, is not true. 

Artificial aging of certain of the heat-treatable alu- 
minum alloys at an elevated temperature to produce 
maximum strength and hardness produces a marked 
decrease in corrosion resistance. For this reason thin 
sheet of alloys in the artificially aged condition cannot 
be recommended for aircraft construction. As previ- 


8See the BPlectrolytic Refining of Aluminum, by F. C. Frary; 
Transactions of the American Electrochemical Society, vol. 47, 
1925, p. 275. 


®See Digest of Information on Duralumin; Transactions of the 
American Society for Stee] Treating, vol, 3, 1922, p. 13. 


See Application of Alclad to Aircraft, by E. H. Dix, Jr 
Aviation, Dec. 22, 1928, p. 2034. 





ously stated, when both copper and magnesium are 
present (17S), artificial aging is not required to pro- 
duce maximum strength and hardness. However, when 
only copper is present (25S), substantially no change 
in properties occurs during standing at room tempera- 
ture, but aging for 12 hr. at 148 deg. cent. (290 deg. 
fahr.) produces approximately the same strength and 
hardness as natural aging gives to the aluminum-cop- 
per-magnesium alloy. The alloy containing magnesium 
and silicon (51S) shows an appreciable increase in 
strength and hardness during room-temperature aging, 
but heating for 18 hr. at 160 deg. cent. (320 deg. fahr.) 
is required to develop the maximum properties. Like- 
wise, the aluminum-copper-magnesium alloy containing 
about 1 per cent of added silicon (C17S) ages naturally 
at room temperature, but artificial aging raises the 
tensile strength to 65,000 to 70,000 lb. per sq. in. 

It is the general belief that the aluminum-copper- 
magnesium-solicide alloy naturally aged at room tem- 
perature is susceptible to intergranular corrosion. The 
aircraft industry is indebted to H. C. Knerr’ for de- 
termining in his experiments at the Naval Aircraft 
Factory that the rate of quenching this material had 
a marked influence on the susceptibility to intergranu- 
lar corrosion. 

These alloys are usually heat-treated in a bath of 
fused sodium nitrate, because of the necessity of 
having close temperature control. It was often found 
convenient to quench the alloys in hot water so as to 
dissolve the nitrate which remained from the heat- 
treating bath. Mr. Knerr showed that this quenching 
in hot water produces material which is particularly 
susceptible to intergranular corrosion. The universal 
practice now is to quench in cold water and, if neces- 
sary, to rinse in hot water to remove the nitrate. Prop- 
erly fabricated and quenched strong aluminum alloys 
of this type containing both copper and magnesium 
with no added silicon (17S) are more likely to corrode 
by pitting than by intergranular attack. 


Protection of Alloy Sheet by Pure Aluminum 


To meet the demand of the aircraft industry for a 
corrosion-resistant strong aluminum alloy sheet, a new 
product has been developed and is marketed under the 
trade-mark Alclad”. In this product the excellent cor- 
rosion resistance of high-purity aluminum is combined 
with the good mechanical properties of the strong heat- 
treated aluminum alloy, 17S, by covering the alumi- 
num-alloy core with thin layers of pure aluminum. 
This is accomplished by producing a composite ingot 
by a metallurgical process in which the outer 5% 
per cent of the thickness consists of aluminum having 
a purity of 99.7 per cent. These surface layers are 
alloyed to the core so that when the ingot is rolled to 
sheet the pure aluminum surface layers are still 5% 
per cent of the total thickness of the sheet and are 
bonded to and integral with the core. This product is 
illustrated in Fig. 3. 

The high-purity aluminum surface not only protects 
the alloy from corrosion by acting as a covering but 
also exerts an electrolytic protection over exposed areas 
of the alloy, as at the sheared edges of sheet or in 
abraded areas. It has been found that in a salt-water 
solution the electrolytic contact between pure alumi- 
num and the alloy produces a potential difference of 
0.15 to 0.2 per cent of a volt. This difference in poten- 
tial is found to protect rather large areas. In one ex- 





— 


oe 
CT 


nee 





Vol. XXV November, 1929 No. 5 
SERVICE CHARACTERISTICS OF LIGHT ALLOYS 467 


periment performed, the surface coating was removed 
over an area 1 in. in diameter, and it was found that 
the alloy thus exposed was protected by the presence 
of the surrounding aluminum during both alternate 
and constant immersion in a salt-water solution con- 
taining a small quantity of hydrogen peroxide. 

This is also of importance in aircraft structures in 
which rivets of the uncoated alloy are used. The rivet 
heads receive very substantial protection from the pure 
aluminum surface of the Alclad sheet. Fourteen-gage 
(0.064-in.) sheet tensile-specimens have been found to 
lose nothing in tensile strength or elongation after an 
exposure to the spray of 20-per cent salt solution for 
a period of two years. This satisfactory application of 
electrolytic action in exercising a protective influence 
over the heat-treatable aluminum alloy may be used to 
bring home to the aircraft designer the detrimental 
effect of putting in contact with aluminum other 
metals, such as copper and brass, which are more elec- 
tropositive. These metals, when in contact with alu- 
minum alloys, will greatly accelerate the corrosion of 
the aluminum. Nickel-plating is, for the same reason, 
unsatisfactory as a protective coating for aluminum, 
because any small imperfections in the coating would 
allow a corrosive solution to reach the alloy underneath 
and the contact with the nickel will cause rapid corro- 
sion of the aluminum. 


Protection by Paints and Oxide Films 


Methods of painting aluminum alloys as a protection 
against corrosion have been developed which are found 
to be very satisfactory in commercial use. Protection 
by paints and varnishes begins with the preparation 
of the surface for painting. Mechanical methods, such 
as sand-blasting, scratch-brushing or rubbing down 
with steel wool, have been used, but it is now generally 
believed that cleaning with certain mild chemical clean- 
ers, which remove the grease without attacking the 
metal, is the most satisfactory method. It is certainly 
more satisfactory than the use of solvent materials, 
such as gasoline and naphtha. 

The use of artificially formed oxide films as a pre- 
ventive against corrosion has been recommended. The 
best-known method is the anodic-oxidation process de- 
scribed by Bengough and Stuart”. A liberal coat of 
grease over these films is advocated. It is now gen- 
erally believed, in this Country at least, that the chief 
advantage of these oxide films lies in their use as a 
base for paints and varnishes. A number of experi- 
ments as well as service tests have indicated the truth 
of this statement. 

After the surface has been properly prepared, it 
should be given a good priming coat. Priming paints 
made with zinc chromate or a mixture of red iron- 
oxide and zinc chromate are very satisfactory. To in- 
sure that the inside portions of joints are thoroughly 
protected, it is advisable to give the parts a shop coat 
before assembling. After the priming coat, several 
coats of aluminum paint, using a good spar varnish, 
will give very satisfactory service. Bituminous paints 
with or without aluminum bronze powder also give ex- 
cellent protection against severe conditions, such as 
those encountered by pontoons. 

It is not possible in a paper of this character to give 





See the Anodic Oxidation of Aluminum and Its Alloys as a 
Protection Against Corrosion; The Journal of the Institute of 
Metals, vol. 37, 1927, p. 486. 


in detail recommendations for protecting all parts of 
aircraft under the various conditions of service. It is 
well known that pontoons in salt water receive the most 
severe treatment and therefore should be most care- 
fully protected, whereas unexposed parts in landplanes 
would require relatively less protection. Likewise, 
the thickness of the members must be taken into con- 
sideration, for, while thin sheets of the duralumin-type 
alloys should be protected under all conditions of ser- 


_ Vice, heavy forgings and castings require relatively 


little protection. 

The pure aluminum surface of Alclad sheet is an ex- 
cellent protection for the alloy core, but even this high- 
purity aluminum will exhibit an etched or roughened 
surface under some conditions of service. This surface 
corrosion is unimportant from strength considerations, 
because, contrary to corrosion of most other metallic 
materials, pits that start in the surface do not continue 
into the core. As soon as a small area of the alloy core 
is exposed, the electrolytic action of the surrounding 
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Fig. 3—MICROGRAPH OF FULL CROSS-SECTION OF 14-GAGE 
ALCLAD 17ST SHEET 
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pure aluminum becomes effective and the attack cannot 
proceed into the alloy. In several instances the ap- 
pearance of surface attack on Alclad sheet has been 
taken as an indication of deterioration of the material, 
but in these cases microscopic examination has shown 


that the attack was confined to a very slight depth be- 
low the surface of the sheet and had not even pene- 
trated through the thin surface layer of pure aluminum. 
Mechanical tests showed that the strength and elonga- 
tion had not been impaired. 


THE DISCUSSION 


LESSITER C. MILBURN” :—Our company is deeply in- 
terested in this subject and has been working with it 
seriously since 1918. We have three contracts with 
the Navy for large flying boats and are scheduled to 
produce 40 of them this year, with the expectation of 
about twice that number in 1930. For this reason we 
are interested in light alloys more strongly than ever 
before. It is a pleasure to read a paper covered in 
Mr. Dix’s fully informed and thorough style. The care 
he takes to present only information which has scme 
basis in fact is greatly appreciated in the field of light 
alloys, in which so much unsupported information has 
been broadcast. 

We trust that the researches of the company he rep- 
resents will lead to improvement in the magnesium al- 
loys with a view of overcoming the regrettable tendency 
to become brittle under cold-working. It appears that 
aeronautical construction is about to be benefited by 
the improvements made in magnesium castings, and I 
hope Mr. Dix will tell us if the hydrofluoric-acid-dip 
process has any merit as a protection against corrosion. 

We are thoroughly in agreement with the speaker’s 
remark that all aircraft should be provided with corro- 
sion protection adequate to meet severe conditions. 
Even aircraft primarily designed for inland service 
may subsequently be detailed to service near sea water 
or to parts of the United States where alkali is present. 
We should like to know Mr. Dix’s opinion concerning 
the comparative value of the spray test and the alter- 
nate-immersion test. 

We should also appreciate hearing from him with re- 
gard to the corrosive effects of nitrate which remains 
on quenched material after washing. It has been our 
experience that the nitrate heating bath is to be 
avoided because of this difficulty, and we are now using 
electric furnaces exclusively. 

Mr. Dix’s statements about paint finish are interest- 
ing. It is not only advisable to give all parts a coat 
of paint before assembly; I would say that it is abso- 
lutely necessary. We have had excellent success with 
bituminous paint mixed with aluminum powder, owing, 
as Mr. Dix’s colleague, Conrad Nagel, has suggested, 
to the fact that this type of paint is non-hydroscopic. 
I had the opportunity to see one of our T4M-1 17S 
floats after five months’ service in Cuban waters, where 
corrosion conditions are extremely severe. The float 
was examined with the bottom plating entirely re- 
moved. There was not the slightest sign of corrosion, 
although the interior of the float had not been entirely 
free from sea water for five months and dried-out salt 
crystals were visible all over the structure. 

E. H. Drx:—The question relating to methods of cor- 
rosion testing raises a subject that is much too large 
to attempt to cover here. I think a whole paper could 





%2%Second vice-president, chief engineer, Glenn L. Martin Co., 
Baltimore. 


be devoted to it. But our experience may be of in- 
terest. We use both alternate immersion and the salt 
spray. We find that, using a 20 per cent salt solution, 
the spray gives about the same loss in mechanical prop- 
erties in three or four months that we obtain in about 
48 hr. in our alternate-immersion test. 

In the alternate-immersion test, however, we use a 
solution of salt water to which has been added hydro- 
gen peroxide, which greatly accelerates the intergranu- 
lar corrosion of the strong aluminum alloys. Our prac- 
tice is to run both of these tests in 48 hr. We get pre- 
liminary information from the alternate-immersion 
test. Then, after 4 weeks in the salt spray, we get 
some more information; after 12 wéeks we get some 
more; and, in the case of the Alclad materials, we ex- 
tend these tests over two years. In 14-gage sheet of 
Alclad 17ST no loss in tensile strength or elongation 
has been found to occur after two years in the salt- 
spray chamber. 

As a result of five or six years of experience of this 
sort, we find that the alternate-immersion test and the 
salt-spray test check up rather well. We have never 
had a case in which one alloy was shown to be superior 
to another in one test but that the other test gave the 
same indication. 


Electric Furnace Will Replace Nitrate Bath 


Regarding the effect of nitrate remaining on the 
sheet, there is no question that this is highly undesir- 
able; in fact, it was originally to avoid any nitrate ad- 
hering to the sheet that the material was quenched in 
hot water. The practice now, however, is to quench in 
cold water, then rinse the sheet in boiling water. This 
removes the nitrate. There may be a few isolated in- 
stances in which some nitrate has remained, and this 
absorbs water and becomes corrosive to aluminum. I 
think there is no question that the ultimate heat-treat- 
ment for aluminum will be by the electric furnace. The 
only reason for the nitrate bath was to obtain uni- 
formity. When we can get the same uniformity with 
the large electric furnaces for sheet, there is no ques- 
tion that the industry will use the electric furnace. 

With reference to Mr. Milburn’s remarks about the 
cold-working of magnesium alloys, the rapid work- 
hardening of magnesium is an inherent characteristic 
of the metal, and this natural tendency is not likely to 
be overcome. The practical solution, however, seems 
to be to perform the greater part of any forming op- 
eration at a temperature around 350 deg. cent. (660 
deg. fahr.). In this way many intermediate annealings 
can be eliminated. 

The hydrofluoric-acid dip, used as a_ protection 
against corrosion of magnesium castings, seems to pro- 
vide some improvement with respect to tarnish in ordi- 
nary atmosphere, but I do not believe that the benefit 
derived is of practical value. 





Modern Light Alloys and Their 
Application to Aurcraft-Engine Design 


By G. D. Wettry 


NUMBER of the more important commercial 
alloys having aluminum as their base are dis- 
cussed by the author, who points out their main 
physical characteristics and outlines methods which 
can be used in their fabrication, indicating in a gen- 
eral way which alloys are best suited to various air- 
craft-engine requirements. Tables are given showing 
chemical compositions and physical properties, includ- 
ing a table of physical properties of various casting 
alloys at elevated temperatures. Special-purpose al- 
loys are commented upon, and also a new aluminum 
alloy for pistons which is beginning to find commer- 
cial application and possesses properties particularly 
desirable in aircraft engines. 

Recent developments in magnesium alloys and their 
application to aircraft-engine design are specified, 
tables of physical properties are given, and comments 
are made on the characteristics of the material as 
compared with aluminum alloys. It is believed that, 
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HE TERM “light alloys” is widely used in the 

aircraft and other industries to designate a 

variety of different compositions having alumi- 
num as their base, alloyed with various amounts of 
such metals as copper, nickel, magnesium, manganese, 
silicon, iron, and the like. A ten- 
dency has been noted recently to 
include magnesium and magnesium 
alloys in the same general classi- 
fication. The term “strong alloys” is 
also in common use, and refers 







The Propeller Blade 
Is of 25ST Alloy; the 
Crankcase Casting 


CLEVELAND AERONAUTIC MEETING PAPER 


for certain applications in which strength and weight- 
saving are the main considerations, magnesium alloys 
will find wide application, although the author recom- 
mends thorough tests before adopting magnesium for 
major engine-parts. 

It is stated in the discussion that the magnesium 
alloys, particularly the aluminum-manganese-magne- 
sium alloys, are the equal of 195 casting alloy in cor- 
rosion resistance and therefore are placed in Class C. 
Corrosion, being a surface phenomenon, has less im- 
portance in the case of thick than of thin castings. 
Corrosion of magnesium castings for aircraft engines 
usually is caused by difficulties that can be corrected, 
such as the use of gasket material containing corro- 
sive elements, rather than by ordinary atmospheric 
conditions. Regarding permanent-mold castings, it is 
said to be possible to produce fairly large and intri- 
cate castings by this process, provided they are laid 
out with a view to such production. 


cation are pointed out and, in a general way, the alloys 
best suited to various aircraft-engine requirements are 
indicated. Fig. 1 shows examples of light-alloy parts. 
The tensile strength of commercially pure cast alumi- 
num is from 12,000 to 14,000 lb. per sq. in. Its elonga- 
tion is from 15 to 25 per cent, 


Fic. 1—LicHtT-AL- Brinell hardness 25, and thermal 


LOY PARTS conductivity about 0.50 cal. per ce. 


per deg. cent. By alloying and heat- 


treating, it is possible, in the 
wrought compositions, to increase 
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Is of Magnesium; the 
Aircraft-Engine Pis- 
ton Is of 132 Alloy; 
and the Link-Rods 
Are of 25ST Alloy 







more particularly to certain wrought 
and heat-treated alloys of alumi- 
num. These materials constitute 
something like one-half of the total 


the tensile strength to as high as 
70,000 lb. per sq. in. and the Brinell 
nardness to 140, at the same time 


weight and three-quarters of the 
total volume of modern aircraft en- 
gines. While it may be rather diffi- 
cult to suggest any more descriptive 
or convenient phrases for use in this 
connection, it is true that the terms 
used fail to indicate other properties 
of the alloys that are of the highest 
importance to the engineer and 
which, in certain applications, equal 
or outweigh considerations. of 
strength and lightness. Thermal 
conductivity frequently is one of the 
most important. 

A number of the most impor- 
tant commercial alloys of this class 
are discussed herewith, their main physical character- 
istics and the methods which can be used in their fabri- 


1M.S.A.E.—Engineer, Aluminum Co. of America, Cleveland. 





retaining an elongation of above 10 
per cent. The specific gravity will 
be increased by the alloying ele- 
ments from 2.7 to approximately 2.8, 
and the thermal conductivity re- 
duced from 0.5 to about 0.4 cal. per 
cc. per deg. cent. It has not been 
found necessary or desirable in com- 
mercial practice to utilize these ex- 
treme properties of strength and 
hardness because of the difficulties 
of fabrication and the fact that a 
more desirable balance of properties 
can be obtained in some of the 
milder compositions. 

The three leading strong wrought 
alloys which have been developed 
and are in common use in the aircraft industry at 
present are known as 17S, 25S and 518. The 17S alloy 
is used mostly in the form of sheet, tubing and ex- 
truded shapes. It has many applications in dirigible 
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TABLE 1—NOMINAL COMPOSITIONS OF ALLOYS 17S, 25S anp51S further increased by artificial aging. The general 


Man- Mag- 
Alloy Copper, ganese, nesium, Silicon, 
17S and Du- Per Cent Per Cent Per Cent Per Cent 
ralumin 4.0 0.5 0.5 abe 
25S 4.5 0.8 0.0 0.8 
518 0.0 0.0 0.6 1.0 


and in airplane construction, being used for frame- 
work, wing coverings, pontoons and the like. For such 
purposes, the sheet is frequently supplied with a very 
thin coating of high-purity aluminum, rolled onto the 
surface for protection against salt-water corrosion’. 
The other two, 25S and 51S, are better suited to the 
production of forgings that are finding extensive use 
in aircraft engines. Tables 1 and 2 give the approxi- 
mate chemical compositions and some of the more im- 
portant physical properties of alloys 17S, 25S and 51S. 

In the W condition, described in Table 2, the tensile 
strength and elastic limits of the alloys are relatively 
low so that they can be subjected to 
certain straightening and forming 


theory of heat-treatment of these and other aluminum 
alloys is covered in detail in various papers* published 
during the last few years. 

The 25ST alloy possesses an average tensile strength 
of 58,000 lb. per sq. in., a yield-point of 35,000 Ib. per 
sq. in., and an elongation of about 18 per cent in 2 
in. with a Brinell hardness of 100 to 110. This combina- 
tion of properties makes it suitable for use in highly 
stressed parts such as propeller-blades, connecting-rods 
for in-line engines, link-rods for radial engines, bear- 
ing plates, caps, and the like. In designing 25S-alloy 
forgings which are to be subjected to repeated stresses, 
it is well to keep the maximum fiber stress down to 
12,000 or 13,000 lb. per sq. in. Experience has shown 
this value to be entirely safe and to assure indefinite 
life against fatigue failure. Generous fillets should 
be specified and sharp corners scrupulously avoided in 
all machining operations. Too much emphasis cannot 


TABLE 3—NOMINAL CHEMICAL COMPOSITION OF ALUMINUM CASTING ALLOYS COM- 

operations after quenching and be- MONLY USED IN AIRCRAFT ENGINES 
rAYTe ac thie ives ) +hejir ’ _ ‘ ae ‘ 
fore aging, which gives them thei Copper, Nickel, Magnesium, Iron, Silicon, Aluminum, 
final physical properties. Age hard- (Cu.) (Ni.) (Mg.) (Fe.) (Si.) (Al.) 
ening takes place spontaneously in Alloy Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent 
17S alloy at room temperature, the 109 12.0 0.0 0.0 88.0 

° ° : 2) 8 ‘ 32 
reaction being practically complete a. =<. oe aan 12 ng: 
. ame . . -_ - 60.0 
in about four days. On the other 142Y 4.0 2.0 1.5 92.5 
hand, 25S alloy is quite stable in the 195 4.4 0.0 0.0 95.6 


W condition and must be subjected 
to a higher temperature to produce 
age hardening. The temperature used is ordinarily 
about 150 deg. cent. (302 deg. fahr.) and the time is 
from 2 to 15 hr., depending upon the properties desired. 
The 51S alloy ages to some extent at room temperature, 
but may have its tensile strength and hardness still 


2See Alclad, New Corrosion-Resistant Aluminum Product, by 
E. H. Dix, Jr., National Advisory Committee for Aeronautics 
Technical Note No. 259. August, 1927: also Corrosion-Resistant 
Aluminum Alloys, by E. H. Dix, Jr., Mining and Metallurgy, 
September, 1927, p. 395. 


8’ See Duralumin, 
actions of the 


Digest of Information, by H. C. Knerr, Trans- 
American Society for Steel Treating, 1922, vol. 3, 


p. 13. 

See New Developments in High-Strength Aluminum-Alloys, 
by R. S. Archer and Zay Jeffries, Transactions of the American 
Institute of Mining and Metallurgical Engineers, 1925, vol. 71 
p. 828. 

See Heat-Treatment of Wrought Aluminum-Alloys of High 
Strength: Data Sheet A1-5601 of the American Society for Steel 
Treating, September, 1927. 

See Commercial Forms and Applications of Aluminum and 


Aluminum Allovs, by P. V. Faragher,. Tex 
33, Institute of Metals Division, American 


hnical Publication No 
Institute of Mining and 


Metallurgical Engineers, September. 1927 

See Some Aspects of the Commercial Manipulation of Aluminum, 
by C F. Nagel, Jr.. Technical Publication No 32. Institute of 
Metals Division, American Institute of Mir and Metallurgical 


Engineers, September, 1927 


Note Where no fig 


ures are given, iron and silicon exist as impurities o1 
be laid upon the necessity of taking this precaution. 

The 25ST alloy can be used as a bearing material 
running directly against the journal, provided the latter 
is hard enough and the loads are not too great. It 
seems to be entirely practical, for instance, to operate 
the material directly against a nitralloy piston-pin or 
knuckle-pin. It is common practice to run 25S-alloy 
sleeve-rods on a case-hardened eccentric shaft in Knight 
engines. A number of experimental installations in- 
dicate that a 25S-alloy connecting-rod bearing would 
operate successfully on a nitralloy crankpin if properly 
lubricated at all times. 

The 51ST alloy, while somewhat lower in ultimate 
strength than 25ST alloy, is practically its equivalent 
in yield-point and in hardness. It is a very superior 
composition from the viewpoint of ease of working. 
Forgings can be produced from it which would be diffi- 
cult, if not impossible, to make from the harder alloys. 
It is widely used for such parts as crankcases and 
for radial engines where design makes 

it possible for these parts to be pro- 
duced as forgings. The alloy has a 


nose sections 


TABLE 2-—PHYSICAL PROPERTIES OF 17S, 25S AND 51S ALLOYS i : a 
imal - specific gravity less than that of 
Te Pee or ~eneel sndur- pure aluminum and is applicable to 
Tensile Elongation, Hardness, ance 3 ‘ i Bye 4 
Strength, Yield-Point, Per Cent 500Kg., Limit,Lb. general forgings of a difficult char- 
Alloy Lb. per Sq. In. Lb. per Sq. In. in2In. 10-Mm. Ball per Sq.In. acter where lightness and rigidity 
17SO 15,000 to 30,000 7,000 to 10,000 14 to 22 45to 55 11,000 are essential, together with a fair 
17ST 55,000 to 63,000 30,000 to 40,000 18 to 25 90 to 105 15,000 degree of strength 
25SO 23,000 to 35,000 7,000to 12,000 12 to 20 45to 55 ~~... i F siete 
25SW 45,000 to 53,000 15,000 to 30,000 15 to 22 68 to 85 14,500 Cast Allovs 
25ST 55,000 to 63,000 30,000 to 40,000 16 to 25 90 to 110 15,000 : 
51SO 14,000 to 19,000 4,000to 6,000 15 to 30 25to 32 6,000 The selection of the most suitable 
51SW 30,000 to 40,000 15,000 to 20,000 20 to 30 55 to 70 10,500 $ scaaail aiieaes : 
7 ~? ’ ’ ’ . 0 alloy for various aircraft-engine 
51ST 45,000 to 50,000 30,000 to 40,000 10 to 18 90 to 100 10,500 : “f B 
castings often presents a somewhat 
Note.—Young’s Modulus for all three alloys is about 10,000,000 lb. per sq. in. The li ° ‘ . 
symbol T after the alloy number indicates that the metal has been heat-treated and more complicated problem than in 
aged and possesses its maximum strength and hardness; symbol W similarly used in- - ner . sats ’ 
dicates the condition after quenching and before age hardening and symbol] O refers the case of forgings. Such questions 


to the annealed state. 


as production in permanent molds, 
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TABLE 4—PHYSICAL PROPERTIES OF THE ALUMINUM CASTING ALLOYS OF TABLE 3 


3 sively in engines up to 400 hp. of 


Elonga- Approximate the straight in-line or the V type, 
Tensile tion, Sporseinste oo both air-cooled and water-cooled. It 
Strength, Per Cent Yield-Point, ardness is likelv at 12 all : j 
Alloy Lb. per Sq.In. in2In. Lb.perSq.In. No. Density ss Sead A ee wing ae vor 
109 (S.A.E. 32) 20,000 to 28,000 O to 1.5 15,000 70 2.95 ; t t] t 200 h I di x : 
12 (S.A.E.30) 18,000 to 23,000 1 to 3 10,000 65 2.86 up to at leas p. in radia: en- 
122 (S.A.E. 34), gines and in large V-type engines 
as cast 24,000 to 28,000 0 to 1 20,000 100 2.90 where strenuous efforts are being 
122 (S.A.E. 34), ; 
heat-treated | 35,000 to 40,000 0 to 1 20,000 140 2.90 — to zeduce: wages, the cae 
142Y, as cast 24,000 to 28,000 0 to 1 23,000 85 2.79 eat-treated casting alloys have al- 
142Y, heat-treated 30,000 to 40,000 O0.5to 1.5 29,000 100 2.79 ready displaced 12 alloy for the 
195 Alloy, heat- ts Pm . 10 13.500 or en major parts just mentioned. 
treated 28,000 to 35,000 6 to . 0,0 io rae | A comparison of the properties of 
Note.—The above properties refer to standard individually cast test-bars. 


strength at high temperatures, bearing characteristics, 
thermal conductivity and cost are frequently important 
factors in the choice. Tables 3 and 4 give the chemical 
composition and physical properties of a number of the 
more important casting alloys used in the aircraft- 
engine industry. Table 5 shows the effect of tempera- 
tures from® 75 to 800 deg. fahr. on the mechanical! 
properties of these alloys. 

The 12 alloy, containing 8 per cent copper, or a slight 
modification known as 112, has been used in large 
quantity in the American automotive industry for years 
as the standard aluminum alloy for such castings as 
crankeases, oil-pans, gearcases, housings and the like, 
as well as for numerous small parts. It is relatively 
easy to cast and possesses good machining properties. 
its tensile strength ranges from 18,000 to 23,000 lb. 
per sq. in., the yield-point is approximately 10,000 Ib. 
per sq. in., the elongation from 1 to 3 per cent and the 
Brinell hardness about 60. These properties refer to 
the material as cast in sand and not heat-treated. In 
the aircraft industry this alloy has been used exten- 


TABLE 5 
Alloy 75 200 
No.109, Tensile Strength, lb. per sq. in. 24,500 24,200 
as cast Yield-Point, lb. per sq. in. 14,000 13.000 
Elongation in 2 In., per cent 1.00 1.25 
Reduction of Area, per cent 0.00 0.00 
Young’s Modulus x 10° 10.00 9.26 
No. 12, Tensile Strength, lb. per sq. in. 21,750 21.100 
as cast Yield-Point, lb. per sq. in. 12,000 11,750 
Elongation in 2 In., per cent 1.00 1.00 
Reduction of Area, per cent 0.00 0.00 
Young’s Modulus x 10° 10.00 8.30 
No.122, Tensile Strength, lb. per sq. in. 26,500 25,500 
as cast Yield-Point, lb. per sq. in. 20,500 18,250 
Elongation in 2 In., per cent 0.50 0.50 
Reduction of Area, per cent 0.79 1.00 
Young’s Modulus x 10° 10.00 9.10 
No.142, Tensile Strength, lb. per sq. in. 27,650 26,800 
as cast Yield-Point, lb. per sq. in. 23,250 21,500 
Elongation in 2 In., per cent 0.50 0.50 
Reduction of Area, per cent 0.00 0.00 
Young’s Modulus x 10° 10.00 9.50 
No.142, Tensile Strength, lb. per sq. in. 37,150 35,750 
Heat- Yield-Point, lb. per sq. in. 29,000 28,500 
treated Elongation in 2 In., per cent 1.00 1.00 
Reduction of Area, per cent 0.00 0.00 
Young’s Modulus x 10° 10.00 8.00 
No.195, Tensile Strength, lb. per sq. in 31,000 29,500 
Heat- Yield-Point, lb. per sq. in. 13,500 11,500 
treated Elongation in 2 In., per cent 7.17 9.00 
Reduction of Area, per cent 6.30 8.88 
Young’s Modulus x 10° 10.00 8.00 


the 195 alloy with those of 12 alloy 
will serve to emphasize the advance 
which has been made through the development and 
introduction of the heat-treated compositions. The ten- 
sile strength of sand-cast 195 alloy ranges from 28,000 
to 35,000 Ib. per sq. in., an increase of about 50 per 
cent. The elongation is from 6 to 12 per cent, or more 
than four times that of 12 alloy. The yield-point of 
13,500 lb. per sq. in. for 195 alloy compares with about 
10,000 lb. per sq. in. for 12 alloy, and the Brinell hard- 
ness of the two is about the same. A most important 
feature of 195 alloy is high elongation, which is a meas- 
ure of its toughness. A 14-in. sand-cast test-specimen 
can be put into a vise and bent through an angle of 
more than 90 deg. before fracture occurs. This property 
prevents the occurrence-of high localized stresses where 
large engine-castings are bolted together. Slight im- 
perfections in machining are absorbed and the various 
parts will “set” themselves to each other in operation 
so that the engine structure as a whole will be free 
from artificial stresses. 
Still another advantage of 195 alloy is its lower den- 
sity, which is 2.77 as compared with 2.86 for 12 alloy. 


MECHANICAL PROPERTIES OF CAST ALUMINUM-ALLOYS AT DIFFERENT TEMPERATURES’ 





—Temperature, Deg. Fahr. 





300 400 500 600 700 800 
23,900 23,100 18,900 11,500 6,150 3,200 
12,000 10,000 7,750 5,500 3,250 1,500 

1.50 1.83 4.38 16.8 33. 58.2 

0.00 1.04 4.09 28.8 53.2 79.6 

8.35 7.00 5.00 3.15 1.70 0.70 
19,750 17,500 16,250 11,000 5,650 3,500 
11,000 10,750 10,750 7,250 3,750 2,250 

2.00 1.00 1.00 2.50 11.8 17.5 

2.24 0.00 0.00 1.94 18.3 23.3 

6.67 5.00 4.55 3.00 1.56 0.83 
24,750 23,500 21,250 12,850 6,100 3,600 
16,250 14,000 11,750 9,000 4,250 2,250 

1.00 1.00 1.50 7.50 25.7 42.5 

1.00 1.00 1.18 8.31 46.4 66.7 

7.70 5.00 4.68 4.00 2.50 1.00 


26,300 25,300 22,100 14,900 7,350 3,600 
20,000 18,750 16,250 10,500 4,500 1,750 


0.50 0.50 1.00 4.00 17.0 58.5 
0.00 0.00 0.00 3.41 19.1 46.9 
9.00 8.20 6.67 5.00 3.30 1.80 
34,500 33,000 26,100 16,250 8,250 3,200 
27,500 25,000 19,000 7,000 3,000 1,500 
1.00 1.00 1.00 1.00 12.5 44.0 
0.00 0.00 0.00 0.00 13.3 39.2 
6.67 6.25 5.56 2.55 1.67 0.83 


30,500 33,200 18,600 9,450 4,000 2,650 
12,250 14,250 12,250 7,000 2,750 1,500 


4.50 1.67 5.38 16.0 46.0 51.0 
6.90 0.00 6.20 26.7 52.3 65.0 
7.00 6.67 5.60 4.25 2.35 0.75 


‘Selected and reprinted from a paper by Templin, Braglio and Marsh, entitled, Mechanical Properties of Aluminum Casting Alloys 


at Elevated Temperatures; Transactions of the American Society 


of Mechanical Engineers, vol. 49-50, 1927-1928, IS-50-8, p. 28. 
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Offhand, this may seem to be an insignificant difference; 
but, on an engine carrying 200 lb. of castings of this 
character, the weight saving would amount to over 5 lb. 
If we are to use the oft-quoted figure of $20 per lb., 
this saving would exceed $100 per engine. 

The field of heat-treated 195 alloy in aircraft engines 
can be said to include all structural castings that re- 
quire maximum strength and reliability combined with 
minimum weight. In large V-type engines it is used 
extensively for such major parts as crankcases, oil- 
pans, gearcases and even for water-cooled cylinder- 
jackets and cylinder-heads; in radial engines it is 
applied to nose castings, crankcases, bearing plates, 
blower sections and rear sections. 


Special-Purpose Alloys 


Special-purpose alloys are used for parts that must 
operate under some particularly severe set of condi- 
tions; such as pistons, air-cooled cylinder-heads and 
cylinder-heads for engines using high-boiling-point 
liquids as the cooling medium. In this field we find 
considerable variation in opinion and in practice. It 
would be out of place as well as impossible to say that 
one alloy is definitely better than another for a specific 
purpose. The line is sometimes rather finely drawn and 
the ultimate choice frequently is dependent on features 
the engineer desires to emphasize and others on which 
he is prepared to sacrifice slightly. 

Let us consider the two compositions, 142 alloy, better 
known as “Y” alloy; and 122 alloy, which can be said 
to represent the standard piston alloy in the United 
States. The Y alloy originated in 


England, where it is used not only TABLE 


for sand and permanent-mold cast- 


copper and magnesium. Its advantages consist chiefly 
in a substantially lower coefficient of expansion and in 
a specific gravity of 2.7, which is almost identical with 
that of pure aluminum. The lower coefficient of ex- 
pansion makes it possible to fit pistons with about 20 
per cent less clearance than is required in either Y 
alloy or 122 alloy, and the lower specific gravity not 
only reduces reciprocating weight but also makes pos- 
sible a reduction in crankshaft weight on account of 
the smaller :counterbalances required. The alloy is 
rather difficult to cut, and rapidly breaks down the 
edges on ordinary high-speed-steel tools. With the 
cemented-tungsten-carbide tools now available, however, 
it can be machined even more readily than can the 
standard piston-alloys with standard tools. It can 
be ground to a brilliant surface and possesses very 
superior bearing and wearing qualities. To obtain the 
best results with 132 alloy, piston-pin holes should be 
finished with a diamond, because an ordinary reamer 
will not cut a satisfactory hole. 

While no definite figures are available as yet on the 
thermal conductivity of this material, judging from the 
carbon deposits and piston-ring conditions it seems to 
be at least the equivalent of Y alloy or of 122 alloy. 
The question naturally arises concerning the feasibility 
of alloys of this type for cylinder-head castings. For 
the present they cannot be recommended for this pur- 
pose, because they are far more difficult to handle in 
sand than in permanent molds and their application in 
this field consequently must await the development of 
proper foundry technique. In the future, however, 


6—PHYSICAL PROPERTIES OF MAGNESIUM ALLOYS 


: é 2 = Yield- Elon- Endurance 
ings but also for certain forgings. Tensile Point, gation Limit, Brinell 
It contains 4 per cent of copper, 2 Strength, Lb. per in2In., Lb. per Hard- = Specific 
per cent of nickel, and 11% per cent Alloy =e In. Sq. In. PerCent Sq.In. ness No. Gravity 

; 96 4, as cas 25,00 8,5 5 8,5 5 785 
of magnesium. The 122 alloy is es- 2 -- 7.4, he _— t 25,000 8,500 6 8,500 50 1.785 

. fai (.a, eat- 

sentially a 10-per cent copper compo- treated 33,000 9,500 10 10,000 50 1.785 
sition with 1.25 per cent of iron and AM 4.4, forging 34,000 22,000 e co. Sewer 50 1.745 
0.25 per cent of magnesium. Both Note.—Approximate thermal conductivity, 0.17 cal. per cc. per deg. cent 


alloys are used extensively in this 

Country by leading manufacturers as piston and cyl- 
inder-head materials for radial air-cooled engines. The 
Y alloy has been highly recommended as a metal the 
strength of which is well maintained at elevated tem- 
peratures. Its reputation in this regard is justified 
by the figures given in Table 5; however, its advantage 
over 122 alloy is relatively small and, at temperatures 
of 600 deg. fahr. and higher, its yield-point is actually 
inferior to that of 122 alloy. In my opinion, the real 
advantage which Y alloy possesses over 122 alloy is in 
its lower specific gravity, which is 2.79 as compared 
with 2.90 for 122 alloy. A 500-hp. radial engine nor- 
mally will carry about 200 lb. of pistons and cylinder- 
heads. Made of Y alloy, these parts will weigh 7 or 8 
lb. less than if made of 122 alloy. The two materials 
are virtually the same as regards satisfaction in service. 


Aluminum-Piston Alloy 


Mention should be made of a new aluminum alloy for 
pistons that has been developed during the last few 
years and is now beginning to find commercial applica- 
tion. This 132 alloy possesses properties which should 
prove particularly attractive for aircraft-engine pis- 
tons. Its composition is essentially about 13 per cent 
of silicon in aluminum, with smaller quantities of nickel, 





they probably will be used extensively, as they offer the 
possibility of further reduction in weight. 


Aircraft-Industry Use of Magnesium 


The place of magnesium in the aircraft industry is 
a question which has brought forth some speculation. 
To the engine designer, who must search his brain 
for new and better methods of securing maximum 
strength with minimum weight, magnesium has always 
possessed the most alluring possibilities. With a spe- 
cific gravity of only 60 per cent of that of aluminum 
and an alloy strength equivalent to the best of the 
cast-aluminum compositions, it is little wonder that 
predictions should have been made that it would sweep 
the older metal from the field. As is so frequently the 
case with new materials, however, the first applications 
brought to light unexpected difficulties which, in many 
instances, resulted in the condemnation of magnesium 
as being impracticable. 

The corrosion of the early magnesium alloys when 
subjected to the action of salt-water atmospheres, or 
even of fresh water, was one of the commonest causes 
of failure in service. Through intensive research, alloys 
have been developed and processes perfected by means 
of which magnesium products can now be produced 
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that are harder and far more resistant to corrosion 
than those of the earlier period. As the results of these 
efforts are now becoming available, the magnesium in- 
dustry can be said to be emerging from the experi- 
mental stage on to a sound commercial basis. It is an 
entirely safe prediction to say that magnesium-base 
alloys will be extensively applied to aircraft construc- 
tion during the coming years. Table 6 gives the 
physical properties of magnesium casting and forging 


alloys. 

The first extensive use of magnesium will come in the 
applications of sand castings, because the foundry prac- 
tice for their production is better developed than is 
the art of producing magnesium forgings. The me- 
chanical properties of magnesium castings also com- 
pare more favorably with those of aluminum castings 
than do the properties of magnesium forgings with 
forgings of the aluminum alloys. The machinability 
of magnesium sand-castings is one of the greatest ad- 
vantages of the material. For perfection of machined 
surface it has few equals and almost no superior. This 
feature is certain to be a very attractive one from man- 
ufacturing and inspection viewpoints. 

In substituting magnesium castings for those of 
aluminum, the custom has been to use practically the 
same design as was formerly used in aluminum. This 
probably is a logical practice, as the magnesium alloys 
are fully the equivalent of those of aluminum in 
strength, toughness, and resistance to fatigue; how- 


ever, it is recommended that thorough tests be carried 
out before adopting magnesium alloys for major struc- 
tural castings such as crankcases or thrust bearings. 
As compared with aluminum, the background of mag- 
nesium alloys is relatively small in engineering experi- 
ence, and a somewhat conservative attitude is likely to 
be attended with the best results. 


Perhaps it is rather early to predict to what extent 


magnesium alloys will replace those of aluminum in air- 
craft engines. It is unlikely that their extra cost will 
prove much of a handicap, as the value of the weight 
saving is usually far greater than the higher material 
cost involved. As a substitute for aluminum in cast- 
ings in which strength and lightness are the main 
considerations, magnesium alloys are likely to go far. 
As a substitute for Y alloy or 122 alloy in pistons and 
cylinder-heads, their future is more dubious. They do 
not compare favorably with either of these aluminum 
alloys in hardness or in bearing qualities, while their 
thermal conductivity is only half as good. 


The alloys of magnesium with copper have good con- 
ductivity but they are so bad from the viewpoint of 
corrosion as to be impracticable. New compositions are 
of course being developed and, as time goes on, these 
may offer a solution to present difficulties. For the 
immediate future, however, it seems logical to expect 
applications of magnesium to be more or less confined 
to parts in which strength and weight reduction are the 
prime requisites. 


THE DISCUSSION 


B. C. BouLTON’:—In what class in Mr. Dix’s table 
of mechanical properties’ would he place the magnesium 
alloys having the greatest corrosion resistance? 

E. H. Dix, Jr.’:—The table refers largely to sheet 
material, although I included one aluminum casting- 
alloy, 195, which contains 4 per cent, of copper. I 
placed that in Class C tentatively because I believe it 
is not as good as pure aluminum, and I further took 
into account the fact that it probably was artificially 
aged. Further, it was included in Class C because of 
the thickness of the casting, since, for most applica- 
tions in crankcases or engine parts, it is almost ridicu- 
lous to consider corrosion unless salt water or some- 
thing of that sort is to be circulated. I think we can 
say that the magnesium alloys, particularly the alumi- 
num-manganese-magnesium alloys, are the equal of 
195 casting alloy in corrosion resistance and that would 
place them in Class C. 

Mr. BouLTON :—Airplane builders are using alumi- 
num-alloy castings to a considerable extent at present 
and the tendency toward an increased use of them is 
evident. I was interested in a recent statement of 
Lieut-Commander L. B. Richardson* to the effect that 
aluminum-alloy castings are superior, from the view- 
point of corrosion, to aluminum-alloy sheet-stock, that 
is, duralumin or 17ST sheet. 

Mr. Dix:—Corrosion is a surface phenomenon. A 
pit extending 0.001 in. into a sheet 0.032 in. thick is, 
proportionally, fairly deep; but, in a casting 1% in. 

* Design engineer, Keystone Aircraft Corp., Bristol, Pa. 

*See S.A.E. JoURNAL, November, 1929, p. 465. 

Metallurgist, Aluminum Co. of America, New Kensington, Pa. 


§ See S.A.E. JOURNAL, January, 1929, p. 27. 


thick, a pit 0.001 in. deep due to corrosion would not 
be important. 

A recent statement by R. T. Wood, of our company’s 
research bureau, who gave me a list of applications 
of magnesium castings such as starter housings, gear- 
case covers and the like, is to the effect that they have 
never had a complaint caused by corrosion of these 
parts. 

Use of Magnesium Castings 


Mr. BOULTON :—Can we then feel fairly free to use 
magnesium castings for airplane parts of minor im- 
portance? 

Mr. Dix:—That must be determined by the aircraft 
builders. Caution must be observed when using any 
new material. Our company will be glad to give ad- 
vice regarding any specific application. 

G. D. WELTY:—The point made by Mr. Dix that cor- 
rosion is a surface phenomenon and that its importance 
becomes greater as the section involved is thinner de- 
serves particular emphasis. We seldom hear of cor- 
rosion trouble in magnesium castings for aircraft en- 
gines and, when we do, it has always been traced to 
some such cause as the use of a gasket material con- 
taining corrosive elements, or to some similar diffi- 
culty that can be corrected, rather than to ordinary 
atmospheric conditions. Much can be accomplished by 
protective coatings of paint or enamel, as is the case 
with other metals. 

QUESTION :—Is the 13 per cent silicon-alloy, which 
you referred to in connection with pistons, used in 
the modified state? 

(Concluded on page 488) 
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Chromium-Molybdenum-Steel Tubing 
Fuselage Construction 


By J. EL. Kinpbrerpercer' 





SouTHERN CALIFORNIA SECTION PAPER 


IRPLANE manufacturers and operating personnel 
were at first skeptical as to the dependability of 
welding, and designers and mechanics were un- 

familiar with the technique of producing such struc- 
tures; therefore the change from the “stick and wire” 
type of fuselage, that had been so generally used, to 
welded-steel construction was 

very gradual. 


Illustrated with PHoroGcrarus AND DRAWINGS 


expenditure of time and money after having gone 
through crashes that would have demolished any wood- 
en structure. 

The designer prefers this construction because with 
it he can produce a structure of maximum strength for 
its weight at the minimum expense, and because he can 

work with accuracy and without 





As the Douglas Co., one of the 
American pioneers in its use, 
has had almost nine years of 
very successful experience with 
welded-steel construction, I can 
draw from the knowledge gained 
in the design and construction 
of more than 20 different types, 
ranging from bombers’ and 
transports to small sport planes. 
Some of these airplanes, still in 
active service, have had more 
than 2200 hr. of flying. 

A summary of the opinions of 
the various groups interested in 
the production and operation of 
aircraft will show the reasons 
for the present popularity of 
this type of construction. 

Pilots are unanimous in their 
preference for a metal structure. 
Wood will not withstand the 
extreme shock and impact loads 
incident to a crash without 
splintering and splitting. In 
my experience as a pilot during 
the war, I saw many crashes in 
which the injury to personnel 
was due solely to splintering of 
the wooden structure. On the 
other hand, the metal structure, 
particularly the steel-tube type, 
will withstand the most severe 
crash with only bending or 
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parts. 









































Drawing on his experience 
with a pioneer manufacturer of 
welded steel structures, the 
author lists the 
pilots, operators, maintenance 
designers 
turers prefer welded steel to 
and wire” 

Molybdenum steel was devel- 
oped to make stronger struts 
Strength and 
ability of welds depend on de- 
joints 
welded without overheating any 
Complicated 
should be made up into sub; 
assemblies; an example is given. 
The weakest point in the struc- 
ture may be expected to be in 
| the tubing near the weld, where 
it is not highly stressed in char- 
acteristic structural members. 

\ brief description is given 
of jigs for welding airplane as- 
semblies, including fixtures for 
drilling holes in an assembled 
frame for major attachments. 
| The paper closes with a descrip- 
tion of the measures taken to 
prevent corrosion. 


involved methods or redundancy. 

The manufacturer naturally 
favors the welded steel structure 
because it represents the least 
expensive construction consis- 
tent with strength and depend- 
ability, and the cost of produc- 
tion has as great a bearing as its 
performance on the success of an 
airplane. 

In view of the foregoing, the 
welded-steel-tube type of fuse- 
lage construction has become so 
standardized in this Country 
that it was used in at least 98 
per cent of the planes produced 
during 1928, with the exception 
of the flying-boats and am- 
phibians. 


reasons why 
and manufac- 


construction. 





reli- 
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fittings 


Tubing Improved to Meet Need 


Low-carbon tubing, S.A.E. 
1020 or 1025, was used exclu- 
sively until a few years ago, as 
it was the best material obtain- 
able commercially. The tubing 
manufacturers have since re- 
sponded to the demand for a 
higher-strength material, with 
which the airplane designer 
could achieve a higher strength- 
weight ratio, by producing 
chromium-molybdenum _ tubing. 
The commercia! composition of 








buckling of the members. Many 
of the most experienced pilots will refuse to fly in an 
airplane whose fuselage is not of all-metal construction. 
Operators and maintenance personnel prefer the 
metal structure because of its resistance to deprecia- 
tion and loss of strength from climatic conditions, and 
because of its extreme ease of repair. I have seen 
many fuselages of this nature repaired with a small 


1 Vice-president in charge of engineering, The Douglas (CC: 
Santa Monica, Cal 
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this steel is almost identical 
with that of S.A.E. 1030 except 
for the addition of 0.80 to 1.10 per cent of chromium 
and 0.15 to 0.25 per cent of molybdenum. The chromium 
is used principally as a hardener and, in combination 
with the molydenum, produces a steel that is hard and 
at the same time can withstand repeated shock lnads. 
The molybdenum causes the steel to weld even mcre 
satisfactorily than the low-carbon steels and widens 
the range within which the steel can be hardened. 
Chromium-molybdenum tubing can be heat-treated 
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very easily and so dependably that it is common prac- 
tice to use axles, subject to sudden shock loads, heat- 
treated to 180,000 lb. per sq. in. tensile strength. But 
the nature of the fuselage structure necessitates the 
use of the tubing in the normalized condition, wherein 
its physical properties are: ultimate tensile-strength, 
95,000 lb. per sq. in.; yield-point, 60,000 lb. per sq. in.; 
and elongation, 5 to 10 per cent, according to the thick- 
ness. The Douglas Co. bases the design of all joints 
in which welding is done on 80 per cent of this unit 
tensile-stress. Tests of welds in various sizes of tubing 
ranging from *4 x 0.035 in. to 145 x 0.065 in., have 
proved this value to be very conservative. 

The welds tested were of the butt and fish-mouth 
types, as shown in Fig. 1, and were not reinforced. 
The 30-deg. cut is generally used, although tests have 
shown that the 45-deg. cut gives about the same 
strength. Butt welds showed ultimate strengths of 
85,000 to 98,000 lb. per sq. in., and fish-mouth welds 
showed 98,000 to 111,000 lb. per sq. in. These figures 
are based on the area of the tubing. The failures oc- 
curred about 1 in. from the weld, where the tempera- 
ture during welding was probably within the annealing 
range. In Fig. 1, a shows the butt weld and b and c¢ 
the 45-deg. and 30-deg. fish-mouth welds; as tested. At 
d is shown a joint that is very useful for joining tubes 
of unequal diameter, subjected to tension only. Any 
splice subject to any bending stress whatever should 
be reinforced with an internal sleeve, as at e. The 





(a) 











Flush Weld 





Fic. 1—SAMPLES OF WELDS IN STEEL TUBING 
Welds Like These Were Subjected to Tests, and All Tubes 
Broke at Some Point Near the Weld. The Different Types 
Are Described in the Text. The Length of the Sleeve in 
e Is Three to Four Times the Diameter of the Tube 


joint shown at f, is much in favor for repair or re- 
placement work, as it permits a square cut on the tub- 
ing and develops strength fully equivalent to that of 
the fish-mouth type. This joint also will withstand a 
bending stress. 

Tensile stress is seldom the criterion for the design 
of any fuselage members except the longitudinals or 
the tension members of a structure of the Warren- 
truss type, shown in the upper part of Fig. 2. The 
structure is generally a study in column strength, and 
in most cases the slenderness ratio is so high that the 
slight reduction in strength near the welds at the ends 





Fic. 2—CHARACTERISTIC TUBULAR FUSELAGE FRAMES 


The Upper View Is of a Warren-Truss Fuselage, in Which Diag- 

onal Tubes, Taking Both Compression and Tension, Support the 

Shear Loads. This Fuselage Is Used in a Small Commercial 

Parasol Monoplane. The Lower View Is of a Fuselage That Is 

Similar Except for Pratt-Type Trussing. Attention Is Called to 
the Rugged Construction of the Tail-Skid Mounting 


of the tubes has no effect on the over-all strength of the 
member. The tubes in the Pratt-truss type of fuselage, 
seen in the lower view of Fig. 2, are almost always in 
compression, and the butt weld to the longitudinal mem- 
ber proves very satisfactory. 


Joint Design Reduces Human Element 


Much has been said about the human element in 
welding, and it is true that the success of the assembly 
depends largely on the skill and carefulness of the 
welder. It is sometimes overlooked, however, that the 
success of the welder is determined in most cases by the 
skill of the draftsman; for, given a fair chance, an ex- 
perienced welder will invariably produce a satisfactory 
job.. The designer, therefore, must keep certain simple 
rules in mind. 

Pieces that vary more than 50 per cent in thickness 
cannot be depended upon generally to weld satisfac- 
torily, as the thinner piece heats more rapidly and 
sometimes burns before the thicker piece fuses. This 
either causes decarburization and weakening of the 
thinner piece, or else, in attempting to avoid overheat- 
ing, the welder fails to fuse the heavier metal into the 
weld and a “cold weld” results. This is the primary 
reason for the type of wire-lug used by us and shown 
in the two views at the left in Fig. 3. As the lug 
needs to be much thicker than the tube, because of the 
bearing area needed in the hole, it is made of two 
thicknesses of metal with small angles turned up where 
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‘Slot We/d 


Section A-A 
Fig. 3—WELDED FUSELAGE JOINTS 


Left View, Slot Weld and Tangent Weld; Center View, Section 
Through Wire Lug: Right View, Joint with Wire Luz 


the lug joins the tube, so that the metal to be welded is 
only one-half the thickness of the lug. The design 
provides an edge in the heavier metal upon which the 
welder can concentrate his flame, to bring it up to heat 
before the tube is injured. This advantage is also 
given the operator in the slot weld and the tangent weld 
shown in the right view of Fig. 3. 

In making a weld, the torch is usually held at an 
angle to the work and the tip of the flame heats the 
work as the weld progresses. It is of primary import- 
ance, therefore, that provision be made in the design of 
the joint for the flow of the gases, as the production 
of a perfect weld in a pocket or corner cannot be de- 
pended upon; in fact, it is difficult to make the torch 
burn in such a place, and the operator’s natural ten- 
dency is to increase the proportion of oxygen in the 
mixture, which is dangerous. 

Overlapping seams and close parallel seams are to 
be avoided. Such welds are not dependable, as the 
second weld is prevented from fusing properly by the 
scale and coarse structure of the surface of the first 
weld. 

Low-carbon welding-rod that is easier to work than 
alloy-steel rod has maximum components as follows: 
carbon, 0.06 per cent; sulphur, 0.40 per cent; phos- 
phorus, 0.40 per cent. In fact, there is no advantage 
in the use of the chromium-molybdenum welding-rod 
except for a joint that is to be heat-treated after weld- 
ing. 

Welds subject to tension in a direction perpendicular 
to the line of the weld should never be used in the 
primary structure. Welds are dependable in shear and 
compression only. 


Make Complicated Assemblies Separately 


It is good practice to make a separate welding-as- 
sembly of any fitting that is at all complicated. This 
gives the welder ready access to the various parts of 
the unit and also allows the small pieces to be held 
accurately in a jig for torch welding. Also, the separate 
unit is more easily handled for inspection and checking; 
and the greater part of the work can be done on the 
bench, thus eliminating congestion at the final assem- 
bly. Such fittings can be normalized by heating to 
1600-1700 deg. fahr. and cooling in air. This operation 
relieves cooling-strains set up during the welding and 
renders the fitting less liable to crack in the later as- 
semblies. 

The Douglas Co. uses chromium-molybdenum sheet 


of the same composition as the tubing for all fittings. 
This has been found less likely than low-carbon sheet 
to crack while welding, and it works up almost as easily. 
Ears and lugs made from this material are more re- 
sistant to reversals of stress and do not elongate under 
shock loads. The unit bearing stress allowable in the 
design of lugs and ears is usually at least one-third and 
sometimes one-half lower than the block compression 
strength of the material. This consideration is par- 
ticularly important in designing the points of attach- 
ment of the landing-gear and tail-skid to the structure. 
as the very severe impact loads to which these parts 
are subjected frequently cause looseness in the holes 
after hard service. Sufficient stock should be allowed 
in the design of the attaching parts for the field ser- 
vice crews to substitute oversize pins and bolts at 
holes that have become elongated. A still better ar- 
rangement is to use pressed-in bushings that can be 
replaced if worn. Pressure-gun lubrication is advisa- 
ble for the landing-gear 
and tail-skid fittings, al- 
though movement is very 
slight. 

Fig. 4 is a sketch of a 
typical fitting, illustrating 
some of the points out- 





Section Showing Tubes 
Welded to 
Reinforcing Plates 


Center Line | 
of Vertical Strut--> 
} 





Fic. 4—A COMPLICATED FUSELAGE FITTING 


Sheet-Metal Parts Are Welded to a Short Piece of Tubing and 
Lugs Are Reinforced to Provide Bearing Area. The Welding of 
the Vertical and Cross Struts Is Shown in the Inserted Section 


lined. This fitting was designed to take the wing loads 
at the point of attachment of the lower wing to the 
fuselage. The severity of these concentrated loads re- 
quires that the plates be much thicker than the longi- 
tudinal tubing; also, a large tensile stress must be 
transmitted to the cross strut. The fitting is therefore 
built up on a heavy-gage tube so that the welding can 
be done readily; and the ends of the tube are bored to 
slide over the longitudinal, so that the parts to be 
welded are of about the same thickness. Sufficient 
width of plate is allowed around the tube to carry the 
tension into the cross strut, so that the weld is not 
required to take the tension load. 

The cross tube and vertical strut are slotted to fit 
over the plates, as shown in the enlarged cross-section 
in Fig. 4. The considerable difference in thickness, in 
this case, is compensated for by exposing the edge of 
the thicker plate so that it can be heated to welding 
temperature before the thinner tube becomes over- 
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heated. After this weld is completed, it is advisable 
to play the torch on the thinner metal to prevent it 
from cooling quickly and cracking from the contraction 
of the adjacent heavier section. The radius of the 
ears of the fitting should be enough greater than is 
required by the design load so that the holes can be 
reamed for an oversize bolt if required later. All 
complicated fittings should be normalized before being 
welded into the major assembly. Several other fittings 
are shown in Fig. 5. 

Tubes sometimes become bowed or sprung out of 
line during the building of a fuselage. Such tubes are 
very difficult to straighten by force but can be brought 
back into line very easily by heat. An experienced 
operator will apply a torch to the convex side of the 
tube, until it is a dull cherry red, and allow it to cool. 
The heated portion of the tube will shrink during 
cooling and straighten the member. 

While shrinking is useful in straightening, it is some- 
thing that must be reckoned with throughout the struc- 
ture. Allowances for shrinkage must be made in all 
members and in all jigs and fixtures. Unfortunately, 
there is no definite rule for determining shrinkage in 
advance; it is necessary to rely on the guess of the 
skilled workman, and the amount of shrinkage is de- 
pendent on the nature of the fittings and the methods 
of the welder. The total shrinkage allowance for a 
1 x 0.049-in. tube, fish-mouth welded at each end, is 
about 14 in., and that for a 2 x 0.065-in. tube, welded 
into an intricate fitting at each end, is 4 in. Of 
course, the weld at one end should be completed and 
the member allowed to cool before the other end is 
welded. 

Points on the Design of Jigs 


The subject of jigs could be given an indefinite 
amount of space. The practice of the Douglas Co. is 
to provide jigs and fixtures for all fittings and sub- 
assemblies. Welding fixtures for the fittings should 
be designed so that no heavy sections of metal are in 
contact with the parts to be welded, as they absorb 
heat and make the welding operations more difficult. 
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Fic. 6—A TYPICAL ENGINE MOUNTING 
This Mounting, Which Is for a Wright Whirlwind Engine, Is 
Attached to the Fuselage by Heat-Treated Taper-Pins, to Pro- 
vide for the Pounding and Wear in the Joints. Fittings for 
Attaching the Landing-Gear and Wings Also Are Shown 


When heavy clamps cannot be avoided, a piece of as- 
bestos board is inserted between the jig and the work. 
All jigs for the assembly of main frames are sturdily 
constructed from steel channels, welded into a unit. 
These large jigs are provided also with fixtures for 
drilling holes—at the points where parts like engine 
supports, wings and landing-gear are attached—after 
the welding operations, so that a high standard of in- 
terchangeability can be maintained. Several such 
points appear in Fig. 6, held together temporarily by 
long bolts. The taper reaming is done at assembly. 

These structures must be given the following treat- 
ment to assure the maximum reliability and resistance 
to corrosion: a ¥%-in. hole is drilled in each end of each 
tube, and hot linseed oil is forced into the tubes through 
the lower holes until they are completely filled. Tubes 
are then drained and holes sealed with a drive-screw. 
The outside of the fuselage members is then thoroughly 
cleaned and given two coats of aluminized spar varnish. 





Fic. 5—WELDED AIRPLANE FITTINGS 
The Fittings at the Left Were Built into the Duralumin Wing-Beam of a 5-Ton Seaplane at the Point of Concentrated Loading. 


The Large Double Ear Is for a Sling for Lifting the Seaplane. 


Nineteen Different Parts Are Used in the Fitting at the Right 





‘| 
| 
| 
| 

‘| 








Interpretation of the Indicator Card 


By R. N. JANEWay' 


ANNUAL MeetiInG PAPER 


Reta thermodynamic interpretation of the indi- 
cator card must be based upon the pruperties of 
the actual medium working in the engine and must 
take into account the actual nature of the heat lib- 
eration. 

The temperature-energy diagram for the working 
combustible mixture and for the resultant combus- 
tion products provides for this interpretation a foun- 
dation that is universally applicable to engines using 
a given type of fuel. This diagram automatically in- 
cludes the effect of variation in specific heat with tem- 
perature, because the entire energy content of a gas 
at any temperature is the energy required to raise it, 
at constant volume, from absolute zero to that tem- 
perature. The work done during the actual chanzes 
of state, as determined from the indicator card, can 
readily be represented on the same diagram, and the 
heat interchanges involved can be determined quan- 
titatively by comparison 
with the adiabatic criterion. 


Tliustrated with Cuarts 


ner of its utilization or loss but also as to the time of 
each item in the cycle. A complete thermodynamic 
analysis is thus presented, from which the virtues 
and shortcomings of the engines are readily apparent. 

The item of outstanding importance in the interpre- 
tation of the card is the nature of the heat liberation. 
By the procedure herein presented, this process is 
quantitatively evaluated, and the heat liberation dur- 
ing the normal combustion period and during expan- 
sion are separated so that the extent of the loss due 
to after-burning is revealed. 

The procedure is illustrated by complete analysis of 
a sample card, and forms for tabulation and calcula- 
tion are given whereby the work of interpretation can 
be reduced practically to routine. 

Another advantageous use of the indicator is in 
determining the tendency toward explosion roughness. 
This depends primarily upon the maximum accelera- 
tion in the rate of pressure 
rise during combustion and 





By the use of this dia- 
gram, a heat balance can be 
drawn up which accounts 
for the distribution of the 
entire heat input and out- 


are usually to be 
TUDYING the behavior 
of the working medium in 


use of an indicator. But the 
full success of this instrument 
ealls for more than a device 


which will give an accurate | ever, the makers of these instruments have 


In introducing Mr. Janeway, Alex Taub, 
chairman of the session, said: 

The majority of engineering laboratories 
put, not only as to the man- have instruments of some kind for making 
indicator cards. However, these instruments 
seen in out-of-the-way 
corners; they are not used because we ap- 
parently are unable to interpret the cards. 
an engine is the primary With a few exceptions, these instruments 
have been developed in Europe, which fact 
might indicate that such records are readily 


understood by the European engineer. How- 


upon its location in the 
burning period. The pres- 
sure-time record of combus- 
tion can be readily analyzed 
to determine relative rough- 
ness tendency on this basis. 


accuracy. Much ingenious ef- 
fort has been attracted to this 
problem, with gratifying re- 
sults. A number of satisfac- 
tory instruments are now 
available that can be depended 
upon to do the job of securing 


record of what is happening; 
it is essential that this record 
be so interpreted as to derive 
from it all information of 
value in diagnosing engine ills. 

Going back to steam-engine 
practice, in which the indica- 


never furnished any data that would make 
intelligent interpretation possible, and I be- 
lieve it is safe to say that they have very 
little to offer. 


This paper is the first definite attempt to 
clarify the situation and bring to us a meth- 


od of interpreting indicator cards into some- 
thing more than maximum pressure. 


the record. 

In the interpretation of this 
record, however, we encounter 
a problem which, compared 
with the interpretation of a 
steam-engine card, is like a 
differential equation compared 


tor idea originated and has 
proved successful, we find that 
the problems involved are rel- 
atively easy to solve. Because 
of the low engine-speeds, the mechanical requirements 
are readily satisfied by merely keeping the inertia of 
the recording mechanism within reason. Furthermore, 
interpretation of the indicator card is simplified by the 
fact that steam is a uniform medium which goes 
through purely physical changes and never ‘gets off the 
steam chart. 

In the internal-combustion engine, as we are con- 
cerned with it, the speeds are relatively terrific, pres- 
sure is developed with explosive violence, and the high 
temperatures still further complicate the problem of 
getting a mechanism that will indicate with reasonable 
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with finding x in a problem of 
elementary algebra. Here we 
are dealing with a medium 
which goes through chemical 
as well as physical changes, with consequent variation 
in composition and in the manner and magnitude of 
energy liberation. I have tried in this paper to reduce 
the problem of interpretation to a form such that the 
vital information can be extracted from the indicator 
card with minimum effort. 





Thermodynamic Characteristics of the Medium 


The basic assumptions of the theoretical cycle are 
useful for academic purposes, but they must be disre- 
garded if a true interpretation is to be made of the 
working process in an actual engine. 

The first essential departure from the basic assump- 
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tions is that the working medium is not air, nor is it Fig. 2, from a four-cylinder 3 11/16 x 4-in. overhead- 


even a constant during the cycle. 


The engine receives 


valve engine having a compression ratio of 5 to 1, un- 


certain materials that are chemically converted into der full load at 800 r.p.m. 


other products which actually deliver the power. Next, 
it cannot be assumed that we are dealing with perfect 
gases of uniform specific heat. Each constituent of the 


To interpret the card by means of the temperature- 
energy diagram, it is necessary first to translate it 
from a pressure-volume basis to a temperature-volume 


gaseous mixture has its own characteristic variation basis. The first step in this procedure is to plot the 


of specific heat with temperature. 
to be considered is that the energy liberation is not in- 


stantaneous and at constant vol- 
ume and is not necessarily com- 
pleted at the point of maximum 
pressure. 

The true interpretation of an 
indicator card must be based 
upon the temperature-energy 
characteristic of the actual me- 
dium used in the engine. Ac- 
cording to a fundamental ther- 
modynamic law, the total energy 
content of a gas at a given tem- 
perature is the heat required to 
raise the temperature from 
absolute zero to the given tem- 
perature at constant volume. 
Fortunately, these data are 
available for all of the constitu- 
ents of the working medium, 
and the resultant temperature- 
energy relation for the mixture 
can readily be determined. This 
relation then determines the 
gain or loss in even intrinsic en- 
ergy of the gases between any 
two temperatures. By comparing 
the work done by or on the gas 
between the same two tempera- 
tures, as shown by the indicator 
card, it is possible to determine 
the direction and magnitude of 
the accompanying heat inter- 
change. 

If we take an average compo- 
sition of the gaseous mixture 
for a given fuel before and 
after combustion and construct 
the temperature-energy diagram 
for each from the known energy 
content of the constituents, we 
obtain a basic chart which is 
practically universal in its ap- 
plication to all internal-combus- 
tion engines using this fuel. The 
temperature-energy characteris- 
tic of the combustible mixture 
and of the resulting products of 
combustion will vary but little 
over the working range of pro- 
portions of fuel, air and ex- 


haust-gas diluent. Fig. 1 shows 


A Sample Analysis 


As an illustration of the use of this diagram, let us 
analyze the pressure-volume indicator-card, shown in 


A third difference 





and appendixes where used. 


the temperature- 
energy diagrams for the average gasoline mixture and 
for the resulting products of combustion. The determi- 
nation of this diagram is explained in Appendix 1. 






Symbols Used in This Paper 


Cp = specific heat at constant pres- 
sure 
Cv = specific heat at constant vol- 
ume, in British thermal units 
per pound per degree fahren- 
heit 
N = revolutions per minute 
n = variable exponent in equation 
PV" = constant 
P = absolute pressure 
P,, Pe, etc. = pressure at cor- 
responding numbered points 
on indicator card 
Pm = indicated mean effec- 
tive pressure 
R = a constant for a given gas 
Rmolt = universal gas content 
S = intrinsic energy 
S:, Se, ete. = intrinsic energy 
at points 1, 2, etc. 
T = absolute temperature 
T;, Ts, etc. = temperature at 
corresponding numbered 
points on indicator card 
V = relative volume 
Ve = compression volume 
Vi, Ve, ete. = volume at cor- 
responding numbered points 
on indicator card 
W = weight 
Wt = weight of mixture per 


minute 
AE = work 
AEn= net work from temperature- 


energy diagram” 
AE: = total work from indicator 
card 


AE}; = work between points 1 and 2 


on the indicator card, etc. 
AQ = heat added or lost 


AQ\: = heat added or lost between 


points 1 and 2, etc. 
AS = change in intrinsic energy 


A S|; = change in intrinsic energy be- 


tween points 1 and 2, etc. 
Other symbols are defined in tables 












deg. fahr. absolute. 


pressure-volume record on log-log coordinates, taking 
the clearance volume as unity and the volume at any 


other point as the ratio of the 
total volume at that point to the 
clearance volume and convert- 
ing the pressures to the abso- 
lute basis, as in Fig. 3. It will 
be seen that the compression 
and expansion lines are now 
made up of straight lines of 
varying slopes corresponding to 
the exponent n in the equation 
PV" = a constant. For compres- 
sion there are, in this case, 
three distinct values of n; 
namely, 1.41 between points 1 
and 2, 1.27 between points 2 
and 3, and 1.15 between points 
3 and 4. For the first part of 
expansion the exponent is 1.455, 
and for the remainder, 1.16. 

If we write the relation 
PV." = PV" = a constant in 
the form 
PV, Xx V."* = P;3V: x Vi" (1) 
then, from the basic gas law 
PV = WRT, we can substitute 
WRT for PV. We have then 

WRT, X V:""* = WRT: X V:*"* 
or 

T./T, = (V:/V-)*"*- (2) 
Since the values of n are now 
known, we have only to deter- 
mine the initial temperature 
and lay in connecting lines of 
slope »= 1 on the log-log dia- 
gram between the limits of vol- 
ume over which the exponent n 
obtains on the pressure-volume 
diagram. 

A high degree of accuracy is 
not essential in estimating the 
temperature at the beginning of 
compression, as the possible er- 
ror involved means but a slight 
variation in the mean tempera- 
ture of the cycle. The maximum 
variation in this temperature 
over the normal operating range 
of speed and load is probably of 
the order of 100 deg. fahr., with 
an average value of about 750 


Appendix 2 shows how this value 
can readily be estimated from a knowledge of the oper- 
ating conditions of the engine. 


Compression-Temperature Curve 


Curve T,T,T,T,, at the lower side of the upper or 
temperature diagram in Fig. 3, representing the tem- 
perature-volume relation for compression, is obtained 
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by assuming as a starting point an initial temperature 
of 700 deg. fahr. absolute at inlet-valve closing and 
constructing straight lines having slopes equal to n — 1. 

It will be observed that point T, is taken at the vol- 
ume at which maximum pressure occurs. By disregard- 
ing, for the time being, the further compression and 
re-expansion which occur during combustion, we can 
correctly assume a constant-volume combustion for the 
purpose of determining the temperature at maximum 


pressure. In this case, ignition occurred at V 1.25, 
as indicated on the indicator diagram, Fig. 2, while 
maximum pressure occurred at V — 1.225. The tem- 


perature at 7, was therefore obtained by continuing 
the temperature-volume line at the same slope up to 
V = 1.225 and considering the combustion as starting 
from there. 

From the basic gas law PV 
combustion the relation P,/P, 


WRT we obtain for 
7 ,/ 7 ., OF 
T; = (T.P:R.) / (PRs) (3) 


Since the composition of the gaseous mixture changes 
during combustion, the difference between the values 
of the constants R, and R, for the unburned mixture 
and combustion products, respectively, must be con- 
sidered. These values, corresponding to the average 
composition used in determining the temperature- 
energy diagram, are R, = 0.0656 and R, = 0.0709. 

The quantity Rio 1.985 is a universal gas con- 
stant denoting the work done per degree of change in 
temperature at constant pressure for an amount of any 
gas weighing a number of pounds equal to the molecu- 
lar weight of that gas. The value of constant R for 
any gas is thus inversely proportional to its molecular 
weight. The higher value of R during combustion is 
therefore due to the fact that the molecular weight of 
the combustion products is less than that of the com- 
bustible mixture. This means that the same total weight 
of gas tends to occupy a greater volume after combus- 
tion than it did before; and an increase in pressure 
results, in proportion to the increase in R, because the 
volume remains constant. 

The temperature at maximum pressure can now be 
readily calculated by substitution in equation (3). In 
the example considered, P, = 369 lb. per sq. in. abso- 
lute, P, == 80 lb. per sq. in. absolute, and T, = 952 deg. 
fahr. absolute. Since R,/R,— 0.0656/0.0709 = 0.926, 
T, = 952 x 369/80 x 0.926 — 4020 deg. fahr. absolute. 

It should be noted here that, where detonation is in- 
dicated on the card by a sharp peak, the maximum- 
pressure should be taken at the point immediately after 
the detonation peak. This peak is not a true static 
pressure but the result of impact of the detonation 
wave on the indicator pressure-element. It is useful 
as a measure of detonation intensity but is not to be 
construed as the maximum pressure effective upon the 
piston; the true maximum pressure is that which ob- 
tains when the detonation wave has subsided. 

Continuing the construction of the logarithmic tem- 
perature-volume diagram, we can represent the expan- 
sion by two straight lines, the first of slope 0.455 
beginning at 7, = 4020, V, = 1.225 and ending at V, 
= 3.02, T,— 2690; and the second continuing from 
there to V,— 4.92, T, = 2480 with slope = 0.16. A\l- 
though the characteristic n = 1.16 does not hold beyond 
V = 4.55, the point of exhaust-valve opening, it is nec- 
essary to make an approximation to account for the 
work done during the remainder of the stroke. Re- 


ferring to Fig. 2, it is seen that, if the expansion be 
assumed to follow 1.16 to V, = 4.92 and compres- 
sion extended with n = 1.41 to V, = 4.92, the area will 
be the same as that of the actual card carried to the 
end of the stroke. We now have all the data required 
for the use of the temperature-energy diagram. 

A valuable feature of this diagram is that it lends 
itself to the representation of the work done during 
any polytropic change. Where the change of state fol- 
lows the relation PV" a constant, the work done be- 
tween any two temperatures T, and T, is 

AE|*,; = R/(n |) eae yi T;) (4) 
Therefore, a line of slope R/(»—1) on the tempera- 
ture-energy diagram will integrate the work done be- 
tween any two temperatures. Accordingly, if we start 
from the point on the upper diagram of Fig. 1 corre- 
sponding to the temperature at V 4.92, namely 678 
deg. fahr. absolute, and draw a line of slope R/0.41 
0.0656 /0.41 0.16, extending to the temperature at 
point T,, 760 deg., the work done between points T, 
and T, will be indicated by the vertical projection of 
line T,.T,, or AE|*, = 0.16 (760-678) 13.1 B.t.u. per 
lb. Similarly, the slope becomes R/ (n—1) 0.0656, 
027 = 0.243, from T,=— 760 to T, = 862, and the slope 
is R/(n—1) 0.0656/0.15 = 0.438, from T.= 862 to 
7, = 9S. 

We now have a complete representation on the tem- 
perature-energy diagram of the work done during com- 
pression, superposed upon the intrinsic heat diagram 
for the gas. Therefore, we can determine at any point 
directly by substraction the net heat interchange up to 
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Fic. 1—TEMPERATURE-ENERGY DIAGRAMS 

The Upper Diagram Is for the Explosive Mixture and the Lower 
One for Combustion Products. The Dash Lines Show the Appli- 
cation of the Diagrams to the Indicator Card Shown in Fig. 2 
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FIG. 2—PRESSURE- VOLUME INDICATOR-CARD 
Taken with Farnboro Indicator on 3}4 x 4-In. Four-Cylinder En- 
gine at 800 R.P.M. and Full Load. The Compression Ratio Is 
5 to 1, and the Spark Advance Is 23 Deg. 


that point. For instance, the total work done at point 
T, is 193 — 116 = 77.0 B.t.u. The increase in intrinsic 
energy of the gas for the same temperature range is 
AS 168 —116=— 52 B.t.u. The net loss of energy 
from the gas during compression is thus 
AQii= AE \|i= ASiij= T1 — 52 25 B.t.u. per lb. 
Expansion-Temperature Curve 


Following the same procedure in the case of expan- 
sion, we take as a starting point T — 4020, E = 918, 
corresponding to maximum pressure, and draw a line 
having a slope of R/(n—1) 0.071,/0.455 = 0.156 
from T, = 4020 to T, 2670. The work done is there- 
fore 

\E - 0.156 (4020 — 2670) = 210.5 B.t.u. 
The drop in intrinsic energy of the gas is, from the 
diagram, 


AS Ss &. 918 — 561 — 357 B.t.u. 
The loss of heat during this change was therefore 
-—~AQ)-=AS\-—AL\*?= 357 210.5 = 146.5 B.t.u. 


Continuing the expansion, the slope is R/(n—1) 
0.071/0.16 = 0.444, from T, = 2670 to T, = 2470. Then 
the work done is AEF 0.444 (2670 — 2470) 88.8 
B.t.u. The decrease in intrinsic energy is AS =S,— 
S, = 561— 513 — 48 B.t.u. Then the heat interchange 
is positive and AQ = AE! 7— AS); 88.8 — 48 = 40.8 
B.t.u. added. 

It is evident, however, that this heat interchange is 
merely a resultant. Heat loss must be occurring still 
during expansion from 7, to T.; but the heat addition 
during the same period is greater by 40.8 B.t.u. than 
the heat lost. To estimate the extent of this heat loss, 
as well as the true heat addition, let us assume the ex- 
pansion to continue with exponent » = 1.455 from T, to 
T.c, Without heat addition. This gives line T,7., on 
Fig. 3, with T,, 2140, and a similar line on Fig. 1, 
as a continuation of line T.T,. 

The work between T, and T., is AE) 7 — 0.156 (2670 
—2140) 82.7 B.t.u. : The decrease in intrinsic energy 
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is AS| 7 =S, — S,q =561 — 434 —127 B.t.u. The heat 
loss is therefore AQ|?? = 127 — 82.7 = 44.3 B.t.u. Since 
there was a net heat addition of 40.8 B.t.u., the total 
heat added between T, and T, was AQ,,)! ? 40.8 + 44.3 
85.1 B.t.u. 
Combustion Efficiency 

Point T., on Fig. 1, indicates the temperature and 
energy of the gas at maximum pressure, T, being 4020 
deg. fahr. absolute and S, being 918 B.t.u. per lb. Since 
the energy in the gas at point 7,, before combustion, 
was 168 B.t.u. per lb., corresponding to a temperature 
of 952 deg. fahr. abs., the increase in energy due to 
combustion was AS! : =918 — 168 = 750 B.t.u. per lb. 
However, work was done during combustion, as repre- 
sented by area 4 0 5 on the pressure-volume card, Fig. 
2, and this must be added to the increase in intrinsic 
energy of the gas to get the total heat addition during 
combustion. 

The equivalent work during combustion in terms of 
British thermal units per pound of mixture is readily 
obtained by proportion from the pressure-volume card. 
The total work in terms of British thermal units per 
pound can be obtained by dividing the net work from 
the temperature-energy diagram by the ratio of the area 
ot the portion of the pressure-volume card to the right 
of the line 4 5 to the whole area of the card. In the case 
considered, the net work from the temperature-energy 
diagram was AE, — AE|? —AE}|+ = (918 — 618.7) — 
(193.0 — 116) — 222.3 B.t.u. per lb. The area of that 
portion of the pressure-volume card representing com- 
bustion is 9.90 per cent of the total area. The total 
work is therefore AE; = 222.3 (1— 0.099) = 246.3 
B.t.u. per lb., and the work during combustion is 
A\E| 5 = 246.3 — 222.3 = 24 B.t.u. per lb. The total 
heat added during combustion is therefore AQ); = 
AS|; + AE|; = 750+ 24=— 1774 B.t.u. per lb. 


Weights of Fuel and Air Significant 


The efficiency of combustion is subject to two inter- 
pretations. In the first, the engine is charged with the 
total potential heat value of the fuel supplied; in the 
second, allowance is made for the incompleteness of 
combustion and the efficiency is based upon the actual 
heat liberated. In the first case the heat supply is a 
function of the fuel content; in the second, it depends 
upon the air content. Both values of efficiency are sig- 
nificant and properly belong in a complete analysis. 

The weights of fuel and air present in a pound of 
mixture in the engine cylinder can be obtained, if the 
total combustion of each is known, by determining the 
total weight of mixture used by the engine per unit of 
time. This is readily done by equating the work per 
minute, as given by the indicator card and the known 
engine speed, to the work done according to the tem- 
perature-energy diagram, or 

PmVN/18,700 = Wi x AE: (5) 
Substituting the values for the case considered: 100 
176 & 800/18,700 = W; & 246.3; W; = 3.06 Ib. of mix- 
ture per minute. 

The weights of fuel and air per pound of mixture 
can now be determined from the known consumption of 
each. In the case illustrated, the fuel consumption was 
11.3 Ib. per hr. and the air consumption was 157 Ib. 
per hr. The fuel content is therefore 11.3/(60 3.06) 

= 0.0615 lb., and the air content 147/(60 3.06) = 08 
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TABLE 1—-TABULATION 
: Temperature-Vo° 
Pressure-Volume Diagram ume Diagram 
Point P V/V- n ‘i n—] 
1 14.1 4.92 678 
1.41 0.41 
2 20.8 3.74 760 
1.27 0.27 
3 38.5 2.32 863 
1.15 0.15 
4 80.0 1.225 952 
Compression Totals 
5 369 1.225 4,020 
1.455 0.455 
6 100 3.02 2,670 
1.16 0.16 
7 57.2 4.92 2,470 
0.455 
Ta 2,140 
Expansion Totals 
~ @ This item is not included in the total. 


lb., both per pound of mixture as compressed in the 
cylinder. The remainder, 0.1385 lb., is residual burned 
gas. 

Since the heat added during combustion was 774 
B.t.u. per pound of mixture, the efficiency of combus- 
tion based on the fuel content, taking 18,500 B.t.u. per 
lb. as the lower heat value of the fuel, was 774/ (0.0615 
< 18,500) — 67.9 per cent. The efficiency based on the 
heat liberated, assuming complete combustion of a 
weight of fuel equal to 1/15 the weight of air, was 
(774 & 15)/(0.8 * 18,500) — 784 per cent. 

Table 1 shows a form for tabulating the various 
quantities as they are determined from the diagram, to 
facilitate analysis. The values for the sample indi- 
cator-card used to illustrate the procedure are indicated 
in the chart. 

Table 2 shows a form for computing the combustion 
values, with all operations indicated and worked out 
for the sample card. ' 

Table 3 is a heat balance, compiled from Tables 1 
and 2, which gives an itemized accounting of the dis- 
tribution of heat as to liberation, utilization and loss 
in the various parts of the cycle. : 


Interpretation of Heat Balance 


Reference to the first part of Table 3 shows that 
13.4 per cent of the total heat value of the fuel sup- 
plied was never liberated. This represents the excess 
of fuel required to secure full utilization of the air and 
hence maximum output, because of the inevitable lack 
of homogeneity of the mixture. The extent of the loss 
from this is governed by the general mixture condition 
resulting from the nature of the fuel, the degree of 
atomization, the proportion of diluent, and the tem- 
perature conditions in the engine. The outstanding 
factor, under normal conditions in the multi-cylinder 
engine, is the efficiency of distribution, which deter- 
mines the average fuel-air ratio necessary to provide 
each cylinder with a maximum-power mixture. The loss 
of 13 per cent, in the case illustrated, must be consid- 
ered a fairly satisfactory figure. 

Of the total heat liberated, as will be seen from the 
heat balance, 12 per cent was lost and 79 per cent was 
actually realized during combustion. The remaining 9 


per cent did not appear until the latter part of the ex- 
pansion. 


JOURNAL 


OF VALUES FROM DIAGRAMS 


Temperature-Energy Diagram 


Work AQ=AS—AE 

S LS B/(se—1) AT QE=RT/n +4 - 
116 

15.5 0.16 82 13.1 2.4 
131.5 

20.0 0.243 103 25.0 5.0 
151.5 

16.5 0.437 89 38.9 22.4 
168 

52.0 77.0 (Net) 25.0 
918 

357 0.156 1,350 210.5 146.5 
561 

48 0.444 200 88.8 40.8 
513 

127 0.156 530 82.74 44.3 44.3 
134 

405 2993 85.1 190.8 

TABLE 2—FORM FOR COMPUTING COMBUSTION VALUES 

(1) General Data: 


Engine speed, 800 r.p.m. 

Total piston displacement, D-176 cu. in. 

Indicated mean effective pressure, from pressure-volume 
card, Pm = 100 lb. per sq. in. 

Indicated horsepower P»DN/ (33,000 
(100 176 800) / (33,000 « 24) 

Total fuel consumption, 11.3 lb. per hr. 

Total air consumption, 147 lb. per hr. 


1) 


9 
17.8 


(2) From the pressure volume and temperature volume dia- 
grams: 
V; Ve = 1.225 7. 962 
 ¢ 369 P. = 80 P;/Ps = 4.62 
(3) T P.o/P. XT. X Re/ Rs = 0.926 X 
P;/Ps X Ts = 0.926 K 4.62 x 952 = 4020 
(4) From the temperature-energy diagram 
Ss = 918 m= 66; AS=5 S,= 750 B.t.u. per 
lb. 
(5) Net work, from temperature-energy diagram: 


999 9 


aaa. 


E A E\': 299.3 77 


B.t.u. per lb. 
Total area of pressure-volume card 


(6) 

(7) Area of that part of the pressure-volume card repre- 
senting the combustion period, in percentage of total 
area = F' — 0.099 


(8) Total work per pound of mixture = A E; (A E 
H\4)/(1 — F) 222.3/ (1 0.099 ) 246.3 B.t.u. 
per lb. 
(9) Work during combustion 0.099 x AE 0.099 
246.3 = 24 B.t.u. per lb. 
(10) Total energy added during combustion, A Q|%x = 


S'.+ AE), = 750 + 24 — 774 B.t.u. per lb. 


(11) Mixture used by engine per hour = 2545 x indicated 
horsepower + total work per pound = 2545 17.8 
246.3 = 183.5 

(12) Fuel content per pound of mixture = pounds of fuel 
per hour + pounds of mixture per hour = G = 11.3 
183.5 = 0.0616 lb. 

(13) Air content per lb. of mixture = pounds of air per 
hr. + pounds of mixture per hour = H = 147/183.5 
= 68 tH. 

(14) Efficiency of combustion, based on total heat value = 


A Q|%/18,500 G 
cent 

Efficiency of combustion, based on heat liberated — 
(AQ\|% X 15)/17,500 H = (774 x 15)/(18,500 x 
0.8) — 78.4 per cent 

Heat loss during combustion = 18,500 H/15 NQ\*, 
— heat added on expansion = 986 — 774 — 85.1 = 
126.9 B.t.u. per lb. 


774/ (18,500 x 0.0616) = 67.9 per 


(15) 


(16) 
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Of the total heat realized during combustion, 2.4 per 
cent appeared as work due to piston movement during 
the burning. This quantity is obviously a function of 
the burning time. It is therefore desirable, from the 
efficiency standpoint, that the burning be as rapid as 
possible, to minimize heat loss and piston movement 


during the burning period, as both of these reduce the 
maximum pressure. 


Ls 


4 
4 


Absolute Temperature, deg. fahr 








Relative Vol 


Fic. 3—PRESSURE-VOLUME AND TEMPERATURE-VOLUME D1IA4- 


GRAMS 
In These Diagrams, Which Are Made on Logarithmic Scales, 
Pressures and Temperatures-at Various Points Are Indicated by 
P;, 7;, etc., the Subscript Letters Indicating the Corresponding 


Numbered Points on the Indicator-Card of Fig. 2 

The after-burning in this particular case was pe- 
culiar in that it was confined to the latter part of the 
expansion, the first part apparently being free from 
heat liberation, as shown by the high value of the 
exponent. Moreover, since this heat amounts to 9 per 
cent of the total liberated, very little of which is util- 
ized as work, it is a loss of major importance. Most of 
this heat is simply added to the heat rejected in the 
exhaust. Referring to Table 1, it will be seen that the 
actual expansion between points 6 and 7, with an ex- 
ponent of 1.16, yielded 88.8 B.t.u. of work, whereas 
82.7 B.t.u. would have been obtained had expansion 
continued with an exponent of 1.455. Thus only 7 per 
cent of the heat added during the expansion was util- 
ized, whereas 30 per cent would have been realized had 


this additional heat been liberated during the normal 
combustion period. 

The indicator is particularly useful in checking up 
on the nature of the heat liberation, which is the sorest 
spot in the entire operation of an engine. Not only do 
efficiency and output suffer from poor combustion, but 
the high exhaust temperatures which necessarily fol- 
low are a potent source of grief, particularly at high 
speeds, resulting in increased heat absorption by the 
cooling system and increased temperatures of vital 
parts. 

A normal exponent of say 1.40 should be assumed in 
estimating, from the indicator card, the quantity of 
heat liberated during expansion. The corresponding 
heat loss can then be determined from the temperature- 
energy diagram, as illustrated in the analysis of the 
sample card, and this loss should be added to whatever 
net heat addition is found from the actual expansion 
characteristic. 

Heat Losses 


Of the total heat dissipation for the case illustrated, 
as shown in the first part of Table 3, 35 per cent is 
accounted for during combustion, 57 per cent during 
expansion and 
8 per cent dur- ~——— 











ing compres- |TABLE 3—HEAT BALANCE PER POUND OF 

sion. These | MIXTURE 

heat losses are Distribution of Heat, In 

unavoidable, Percentage 

except in cases ier " nae of Total 

: : .. |Heat Value of Fue 

= which after- |" "(G x 18,500) 1,138 100.0 

Jurning pro- \Tess in Incomplete 

duces exces- Combustion 152 13.4 

sive loss during Heat Liberated (H x 

expansion or 18,500/15) 986 86.6 

when the jack- | Percentage 

of Heat 

et - water tem- |Heat Added Tihetuhed 

perature is un- Combustion, A S 750 76.0 

necessarily low. Combustion, Work 24 2.45 
Heat losses Expansion 85.1 8.65 

Cay com Total 859.1 87.1 

bustion and ex- |\Heat Loss of Com- 

pansion lower | bustion 126.9 12.9 


the cycle effi- | ; 
ciency, but the Total Heat Liberated 986.0 100.0 


same is not | Distribution of Heat, Out 
true, in the | Part of Cycle 








sesh tae 1 
prac cat SSEEe, Expansion 299.3 
during com- Compression —77.0 
pression. It is Combustion 24.0 
true that the =o 
9° 
departure from Total Net 246.3 25.0 


the adiabatic, |7eat Loss 








. Expansion 190.8 19.35 
say witha nor- | (Combustion 126.9 12.9 
mal average Compression 25.0 2.55 
value of n = 
1.28 instead of Total Loss 342.7 34.8 


|Heat Rejected in Ex- 
the mean value haust (E;—E,) 397.0 40.2 
of y = 1.35, ; 


does incur a Total 986.0 100.0 
loss in effi- ‘ 

ciency, for a 

given compression ratio, of the order of 1 to 2 per cent. 
This loss is entirely obscured, however, by the gain 
actually made by the higher compression-ratio possible 
because of the lower temperature of compression. 
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The limiting factor in detonation is the maximum 
temperature attained by the portion of the charge last 
to burn. This is a function of the maximum pressure, 
the temperature at ignition, and the cooling during 
combustion. Other things being the same, the permis- 
sible maximum pressure without detonation will depend 
mainly upon the temperature at ignition. If we assume 
adiabatic compression with a ratio of 4 to l, m 1.35, 
and initial temperature of 700 deg. fahr. abs., the tem- 
perature of compression will be 1137 deg. fahr. abs. 
For an actual value of n 1.28, the compression ratio 
corresponding to the same temperature is 5.67 to 1. 
It is evident then that the compression ratios now com- 
mon would be impossible without the cooling that for- 
tunately occurs during compression. 

The exponents 1.41 and 1.27 for the first part of 
compression in the card analyzed are normal. In the 
particular temperature range, which is practically the 
same as that of the surrounding surfaces, 1.41 is close 
to adiabatic and 1.27 is perhaps a little low for the 
temperature range and indicates some degree of leakage 
as well as heat loss. The value 1.15 for the latter part 
of compression appears to be due to excessive leakage. 
The exponent 1.455 for initial expansion is also prob- 
ably exaggerated by leakage. The value of nu to be 
normally expected, considering the high rate of heat 
loss, is of the order of 1.35 to 1.40, as compared with 
the mean adiabatic value of y = 1.27 for the tempera- 
ture range of expansion. 

The effect of leakage is to lower the apparent value 
of the exponent for compression and to increase it for 
expansion. Its effect is therefore similar to that of 
heat loss and is included in the heat-loss account if 
the actual exponents are literally followed in the an- 
alysis. This procedure was used in the analysis of the 
sample card and is responsible for perhaps 8 per cent 
of the total heat loss appearing in the heat balance. 

The leakage in this particular case is undoubtedly 
excessive, as is apparent from the compression pres- 
sure of 100 lb. per sq. in. abs. indicated by extending 
the log-log pressure-volume diagram to the top dead- 
center. This is 10 lb. per sq. in. lower than the normal 
compression to be expected from a ratio of 5 to 1 with 
an average value of 1.28. The leakage factor is so 
small in a normal engine in good condition that no 
attempt need be made to separate its quantitative 
effect. Where excessive leakage is indicated by abnor- 
mally low values of the compression exponent, this 
condition should be eliminated from the engine if accu- 
rate quantitative analysis is desired. 


Shock Effect of Combustion 


The rapidity of pressure development in the internal- 
combustion engine imposes a shock load upon the crank- 
shaft and crankcase which increases the deflection of 
those members considerably beyond that due to the ap- 
parent static load. In the high-speed high-compression 
automotive type, these forces are often aggravated to 
such an extent that they produce objectionable harsh- 
ness in the engine operation. This explosion roughness 
is fully as serious a limitation to permissible compres- 
sion-ratio as is detonation, and in the present state of 
the art it often sets the real limit for compression. 

The indicator can be used to advantage in checking 
up on the combustion characteristic, which is the funda- 
mental factor in explosion roughness. For this pur- 
pose, the indicator record must be on a pressure-time 


basis, or else on a pressure-volume basis 90 deg. out of 
phase so as to spread the combustion line over a greater 
length of card, and the record must be transposed to 
the pressure-time basis by converting each piston posi- 
tion to the corresponding crank angle. 

In Fig. 4 is shown the original pressure-time record 
for the sample indicator-card used throughout this 
paper, with the analytical method indicated thereon. 
The lower curve is the pressure-time indicator-card 
from ignition to maximum pressure, and the upper 
curve shows the rate of pressure rise plotted against 
time and is derived by plotting the slope of the lower 
curve at various points. For instance, at crank angle 
15 deg. the line tangent to the pressure curve shows an 
increase of 100 lb. per sq. in. in a crank angle of 10 
deg., which at 800 r.p.m. equals 0.0021 sec. The rate 
of pressure rise at that point is, therefore, R 
100/0.0021 47,500 lb. per sq. in. per sec. 

The roughness tendency is a function, not merely of 
the maximum rate of pressure rise, as is commonly 
supposed, but is a combined function of the maximum 
acceleration in rate of pressure rise and the maximum 
rate of pressure rise itself. This I have established 
experimentally, and it can be rationally explained in the 
following way. 


Explosion Shock Causes Deflection 


The shock effect of the explosion may be defined as 
additional static load equivalent to the momentum of 
the deflecting mass. The magnitude of the effect thus 
depends upon the maximum rate of deflection of a 
given mass; but this is by no means synonymous with 
the maximum rate of pressure rise, as it would be if 
the rate of pressure rise were built up slowly enough 
so that the deflection could follow the impressed force. 

To illustrate the effect of rapid pressure rise on the 
engine structure, let us suppose that the piston exposed 
to the increasing pressure is restrained by a spring. 
Then, if the rate of pressure rise is constant, this 
spring will deflect at a corresponding constant rate so 
that the mass attached to the spring will have a con- 
stant velocity. However, if a rapid acceleration occurs 
in the rate of pressure rise, the rate of deflection will 
also tend to accelerate, but this requires an accelera- 
tion in the velocity of the deflecting mass. To secure 
this acceleration, a force differential must be created, 
that is, the impressed force due to pressure on the 
piston must be greater than the restoring force due to 
the deflection of the spring. Thus, as long as the rate 
of pressure rise is accelerating, the restoring force due 
to spring deflection must lag behind it. After the 
period of acceleration in the impressed force is over 
the force differential that exists will continue to ac- 
celerate the deflecting mass, with the result that the 
maximum deflection attained is greater than it would 
be if the maximum rate of pressure rise were reached 
gradually. 

Applying this analogy to the engine, the supporting 
structure—which includes the crankshaft and crank- 
case—corresponds to the spring, and the deflecting 
mass is that of the structure itself. Considering the 
minuteness of the total explosion time and the magni- 
tude of the pressures, the acceleration impressed upon 
the deflecting mass becomes tremendous even though 
the actual deflection is relatively small. As in the fore- 
going analogy, the lag of restoring force behind the 
impressed force, due to deflection while the latter is 
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increasing at an accelerating rate, eventually acceler- 
ates the deflecting mass so as to build up a deflection 
considerably greater than would occur if the maximum 
rate of deflection corresponded to the maximum rate 
of pressure rise. 

The maximum rate of pressure rise is thus merely 
a theoretical minimum limit to the deflection rate, but 
the actual increase in rate beyond this minimum is a 
function of the acceleration in the rate of pressure 
rise. Also, the earlier the maximum acceleration in 
pressure rise occurs, the longer will be the period of 
acceleration of the deflecting mass and the greater will 
be the shock effect. 

The upper curve of Fig. 4 is made up of three lines 
of progressively greater slope, corresponding to three 
acceleration rates which are indicated on the curve. 
The maximum acceleration occurs toward the end of 
explosion and is 26,000,000 lb. per sq. in. per sec. per 
sec. The maximum rate of pressure rise is 80,000 Ib. 
per sq. in. per sec. Great as these values may appear, 
they actually are relatively low. It will be observed 
that combustion in this case occupied 45 deg., which 
at 800 r.p.m. is certainly excessive when compared with 
that of any representative high-compression L-head 
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Fig. 4—ANALYSIS OF PRESSURE-TIME CARD FOR EXPLOSION 
ROUGHNESS 


Conditions for This Card Are the Same as in Fig. 2 


engine, in which the crank-angle period would b2 about 
one-half as great at this speed. Moreover, in a high- 
speed engine giving maximum indicated torque at 2000 
to 2400 r.p.m. the explosion time is so small and the 
pressures so high that a combustion characteristic simi- 
lar to that of Fig. 4 would represent easily three times 
as great a maximum rate of pressure rise and nine 
times as great an acceleration. However, this curve is 
not at all representative of the characteristic usually 
obtained in the high-compression high-speed L-head 
engine with offset domed combustion-chamber, in which 
it will be found that the maximum acceleration is rela- 
tively much greater and occurs much earlier in the 
explosion period. The resultant effect may thus be 
about 20 times as great as that indicated by the sample 
curve. 

The ideal characteristic is uniform acceleration up to 
the maximum rate of pressure rise, since this gives 


See the S.A.E. JOURNAL, May, 1929, p. 498. 





0. 


the lowest practical values of maximum acceleration 
and maximum rate of pressure rise. The characteristic 
depends entirely upon the combustion-chamber design, 
which can make possible the attainment of virtually 
antishock combustion. This subject has been treated in 
greater detail in a paper on Combustion Control by 
Cylinder-Head Design’, which presents a _ graphical 
method for quantitative comparison of the shock effect 
of the explosion. 


APPENDIX 1 


Determination of Temperature-Energy Diagram 


Assumptions made are that the ratio of air to gas is 
13 to 1, the fuel composition is 85 per cent carbon and 
15 per cent hydrogen, and that the dry exhaust analysis 
indicates 12 per cent CO,, 3.3 per cent CO and 84.7 per 
cent N, by volume. 

Combustion Products.—The composition of the ex- 
haust gas, by weight—using as molecular weights CO,, 
44; CO, 28 and N,, 28—is 

COs, 0.12 x 44 = 5.29; 17.7 per cent 
CO, 0.033 x 28 = 0.924; 3.09 per cent 
N2, 0.847 x 28 = 23.70; 79.21 per cent 


Molecular weight of mixture, 29.914; 100.00 per cent 


For the complete composition of combustion prod- 
ucts, the content of carbon and oxygen per pound of 
dry gas is computed from the weight composition as: 


0.177 lb. COz = (12/44 x 0.177 = 0.0483 Ib. C) + 
(0.177 — 0.0483 = 0.1287 lb. O-) 

0.0809 lb. CO = (12/28 x 0.0309 — 0.0133 lb. C) + 
(0.0309 — 0.0133 = 0.0176 lb. Oz) 


Total carbon, 0.0616 lb.; oxygen, 0.1463 lb. 

The nitrogen contained in 0.7921/0.77 = 1.029 lb. of 
air is 0.7921 lb. The total oxygen supplied is therefore 
1.029 — 0.7921 = 0.237 Ib. 

The total fuel supplied = 1.029/13 = 0.0792 lb., of 
which 0.85 « 0 0792 = 0.0673 lb. is carbon and 0.15 « 
0.0792= 0.0119 lb. is hydrogen. 

The oxygen used for combustion of carbon is 0.1463 
Ib., and the remainder available for hydrogen is 0.237 — 
0.1463 = 0.0906 Ib. 

The weight of hydrogen burned by this weight of 
oxygen is 0.0906/8 = 0.01132 lb., giving 0.1019 lb. of 
water. 

The unburned hydrogen is 0.0119 — 0.01132 
0.00058 Ib. 

The free unburned carbon is 0.0673 — 0.0616 
0.0057 Ib. 

The complete composition of combustion products is 
thus: 


Percentage 

Lb. Volume, in Mols by Volume 
CO. 0.1770 0.177/44 = 0.00402 10.22 
co 0.0309 0.0309/28 — 0.00110 2.80 
N: 0.7921 0.7921/28 = 0.02830 71.88 
H.O 0.1019 0.1019/18 = 0.00566 14.40 
H: 0.0006 0.0006/2 = 0.00030 0.70 
Total 1.1025 0.03938 100.00 


The molecular weight of the mixture is 1.1025/ 
0.03938 = 28.0, and R = C,—C,. = 1.958/28 = 0.0709. 
Since all diatomic gases contain the same amount of 
energy per mol at a given temperature, the constituents 
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can be divided into three groups: diatomic gases, which 
include CO; N, and H,; CO,; and H,O. The composition 
by volume in these terms is thus: 


Diatomic gases, 2.80 + 71.88 + 0.70 = 75.38 per cent 

CO; 10.22 per cent 

H.O 14.40 per cent 
The temperature-energy characteristic of the mixture 
over the working temperature-range can readily be de- 
termined from a table of energy content per mol for 
these gases’. As an example, the energy content per mol 
of the gases at 3000 deg. fahr. abs. is: 
15,964 « 0.7538 = 12,020 
27,645 « 0.1022 — 2,825 


Diatomic gases 
CO: 
H.O 21,630 x 0.1440 = 3,115 





B.t.u. per mol of mixture 17,960 
Since the molecular weight of the mixture is 28, the 
energy content per pound is 17,960/28 = 641 B.t.u. 

Combustible Mixture-——We assume dilution by ex- 
haust gas equal to 10 per cent of the air, by weight, 
with the air-gas ratio of 13 to 1. 

The molecular weight of gasoline vapor can be calcu- 
lated from its specific volume, which is 4.2 cu. ft. per 
Ib. at 62 deg. fahr. and atmospheric pressure’. 

The general formula for the specific volume of 
gases at 62 deg. fahr. and atmospheric pressure is V = 
380.5/M. Then, for gasoline, the molecular weight is 
380.5/4.2 —90. 

Computation of the composition of mixture by vol- 
ume is based on the following data: 


Weight, per Molecu- 





Pound of lar Percentage 

Dry Air, Lb. Weight Mols by Volume 
Air 1.000 28.95 0.03450 88.64 
Gasoline 0.077 90.0 0.00085 2.19 
Exhaust Gas_ 0.100 28.0 0.00357 9.17 
Total 1.177 0.03892 100.00 


The molecular weight of the mixture is 1.177/0.0389 — 
30.25 and R = 1.985/30.25 — 0.0656. 
Separating the exhaust-gas constituents: 


CO, 0.1022 « 9.17 = 0.948 per cent 
H.O 0.144 x 9.17 = 1.322 per cent 


Diatomic gas 0.7538 « 91.7 = 6.900 per cent 


Total 9.170 per cent 
The complete-charge composition therefore is: 
88.64 + 6.90 = 95.540 per cent 





Diatomic gas 


CO, 0.948 per cent 
H:.O 1.322 per cent 
Gasoline 2.190 per cent 


Total 100.000 per cent 


The temperature-energy characteristic of the mixture 
can be found by assuming the same characteristic 
variation for gasoline as for benzene, C,H,. The equa- 
tion for the variation in specific heat with temperature 
of benzene per mol is C, = 4.0 + 31.8 « 0.001T. 

The specific heat per mol will be proportional to the 
molecular weight, or C,—90/78 (4+ 31.8 « 0.001T) 
= 4.61 + 36.7 < 0.001T. Since C,—C, = Rmoi = 
1.985, C, = 2.625 +- 36.7 « 0.001T. Then the energy 
content at any temperature T is, by integration, S = 
T (2.625 +- 18.35 «& 0.001T). 





®See Marks’ Mechanical Engineers’ Handbook, Second Edition, 
p. 378. 

See Marks’ Mechanical Engineers’ Handbook, Second Edition, 
p. 651. 


The temperature-energy diagram for the mixture 
over the temperature range of compression is readily 
obtained by means of this equation for gasoline vapor 
and the tabulated values for the other constituent 
gases. For example, at T 1000 deg. fahr. abs., the 
energy content has the following values, in British 
thermal units per mol: 


Gasoline 1000 (2.625 + 18.35) = 20,975 
Diatomic gases 4,987 
CO. 6,915 
H:0 6,070 


Then the energy per mol of mixture is: 


Diatomic gases 0.9554 x 4,987 = 4,760.0 


Gasoline 0.0219 Xx 20,975 — 460.0 
CO, 0.00948 « 6,915 — 265.6 
H:O 0.01322 x 6,070 = 82.0 
Total 5,367 B.t.u. per mol 


and the energy per pound is 5367.6/30.25 = 177.5 B.t.u. 

The compositions assumed for both combustible mix- 
ture and combustion products represent average maxi- 
mum-power-mixture conditions. While extreme varia- 
tions from these conditions may make some difference 
in: the absolute energy values, the change in energy 
between any two temperatures will be affected negligi- 
bly. These diagrams, then, can be applied to the gaso- 
line engine universally with a satisfactory degree of 
accuracy. 


APPENDIX 2 


Estimate of Initial Charge-Temperature 
The data required to estimate the initial tempera- 
ture of the charge are as follows: 


Po = absolute pressure at closing of inlet valve 
Pe = absolute pressure at closing of exhaust valve 
Vo = relative volume at closing of inlet valve 


Ve = relative volume at closing of exhaust valve 
T+ = absolute temperature of the fresh charge, at the 
port 
Te = absolute temperature of the exhaust gas, at the 
port 
The weight of the total charge, W, = PoVo/RoTo, 
where JT, = unknown total charge temperature. The 


weight of the exhaust gas, W. = P.V./R-T-; and the 
weight of fresh charge, Wr = PrVr/RiTr, in which P; 
and V;, the pressure and volume of the fresh charge, 
are unknown. 
By method of mixtures, assuming temperature equi- 
librium attained at constant pressure, 
WeCope (Te — To) = WiCopz (To Ty) 
Assuming C,, Cor 
sure, 


specific heat at constant pres- 


WeTe — WeT'o = WiTo — WiTt 
(We + Wr) To = WeTe + WiT' 
Since W. = P-V-/ReTe, and W; 
To = (WeTe + WiT1)/We + Wr 
To = (PeVe/Re + P#V1/Rr)/(We + Wr) 
Since W, = W.+W, 
PoVo/RoTo = We + Wy 


PV ;/R;T; 


and 
T. =. PoVo ‘Ro — PeVe/Re + PrVi/Ry 


~ We+ Wr We+Wr 


: 


~~ 
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Assuming R, = R. = R; 
PoVo — PeVe = PrVi 

Substituting in equation W, = W.-+ W; and assuming, 

with negligible error, that R, = R; = Re 
PoVo/To = (PoVo — PeVe)/Tt + PcVe/T 


é 
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In the case of the sample card, P, = 15.88; P, = 15; 
V,. = 4.54; Ve =1; Ty = 615; and T, = 1460. Then 
15.88 x 4.54/T> = (15.88 x 4.54 — 15 X 1)/615 + 
15 & 1/1460 
To = 700 deg. fahr. abs. 


THE DISCUSSION 


C. FAYETTE TAYLOR’:—Mr. Janeway has presented 
an interesting and useful method for the thermody- 
namic analysis of indicator cards, and it should be 
understood easily by persons who are not particularly 
expert in the handling of thermodynamic relations. 

Considerable leakage is evident during the latter 
part of the compression stroke of the sample indicator- 
card used in the paper. It seems almost certain that 
this leakage would continue at least during that part 
of the expansion stroke in which the pressure is high. 
This would explain the high value of the exponent ob- 
served for the first part of the expansion stroke and 
the considerably lower exponent for the latter part of 
the stroke. It might also explain the apparent concen- 
tration of after-burning in that portion of the cycle. 
The leakage might have masked the after-burning 
during the first part of the expansion. 

Has Mr. Janeway found any wide variations from 
cycle to cycle in indicator cards taken under a giver 
set of conditions, and does his method of analysis show 
great variations in indicator cards taken from different 
engines under similar operating conditions? 

I should like to know what high-speed indicators 
have been found to be satisfactory, as I have not been 
able to find one that is thoroughly satisfactory and can 
be used with facility, even under laboratory conditions. 


Dissociation May Affect Accuracy 


C. F. MARVIN, JR.°:—It is refreshing to read such a 
clear and concise treatment of this complex subject in 
which no mention is made of that abstract and con- 
fusing quantity, entropy. 

One of the two chief complications involved in the 
thermodynamics of internal-combustion engines—name- 
ly, the variation of specific heat of the working medium 
with temperature—has been logically and simply cared 
for by the temperature-energy diagrams. The other 
and greater difficulty appears to be still with us. I 
refer to the effects of dissociation at higher tempera- 
tures and the recombination and after-burning which 
follow during the expansion stroke. 

Some dissociation is certain at temperatures in the 
neighborhood of 4000 deg. fahr. abs., especially of 
CO,, and after-burning persists until the exhaust valve 
opens. Therefore the composition of the expanding 
gases and, consequently, the value of R are variables 
which do not reach the values assigned to them in this 
study until the end of the expansion stroke. Has Mr. 
Janeway estimated the size of the error thus itroduced 
in the temperatures and energies indicated along the 
expansion line? 








5 M.S.A.E.—Professor, Massachusetts Institute of Technology, 
Cambridge, Mass. 


®S.M.S.A.E.—Associate engineer, Bureau of Standards, City of 
Washington. 


7™M.S.A.E.—Chief, heat and power division, Bureau of Standards, 
City of Washington. 


8M.S.A.E.—Research engineer, Chevrolet Motor Co., Detroit. 


Some arbitrary assumptions seem to be necessary 
regarding heat liberation, in view of the uncertainty 
as to just how far combustion has progressed at the 
various points in the diagram. The author interprets 
the high exponent at the beginning of expansion and 
the low exponent near the end to mean no heat libera- 
tion just after maximum pressure but marked after- 
buring near the end of the stroke. These exponents 
might indicate, instead, very high heat-loss to the 
water-jacket near the top of the stroke and decreasing 


loss later, accompanied throughout by liberation of 
heat. 


Observations from Other Tests 


Dr. H. C. DICKINSON':—We have made quite a large 
number of indicator cards by the use of a similar type 
of instrument to that used by Mr. Janeway and anal- 
yzed them on the semi-log scale, which gives straight 
lines for adiabatic compression and expansion, and we 
do not find the sudden changes of exponents which ap- 
pear on this card. The exponent for compression is 
fairly consistent, at about 1.37 to 1.40, and that for 
expansion is also fairly consistent, between about 1.25 
and 1.32. Curves at various compression-pressures and 


throttle-openings show a remarkable uniformity in this 
respect. 


Tests Are of Engines, Not Indicators 


CHAIRMAN ALEX TAUB’:—The engine tests used as 
a subject for these interpretations were of an engine 
designed to operate at low compression. However, in 
these tests the compression ratio was raised to 5 to 1. 
Undoubtedly leakage existed. It seems from the dis- 
cussion that the cards indicate the resultant of the in- 
strument rather than of the engine. Why expect the 
same characteristics from a given indicator used on 
different engines? 

ROBERT N. JANEWAY:—The value of the exponent at 
the beginning of expansion was undoubtedly exagger- 
ated because of leakage, as we might deduce from the 
lower value at the end of compression. But it is to be 
expected that the effect of heat losses on the exponent 
during expansion should be greater than during com- 
pression, because the heat losses then are so much 
greater. 

The mean value of the adiabatic exponent for the 
average range of temperature during expansion will 
probably be about 1.27. With the excessive heat losses 
that are bound to follow from the high temperature- 
differences between the gas and the walls, it is not un- 
reasonable to expect an actual exponent of 1.35 to 1.40. 
The larger value probably is due to leakage, as Pro- 
fessor Taylor points out. I mentioned that the effect 
of leakage in this analysis is lumped with the effect of 
heat loss but that the leakage factor is not great 
enough, when an engine is in good condition, to justify 
any attempt at separating it from heat loss. The low 
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value of the exponent at the end of expansion has no 
relation to the earlier value; and it unquestionably in- 
dicates heat addition, since it is lower than the cor- 
responding adiabatic value. 

Mr. Marvin brings up the point that dissociation at 
the high maximum temperature of combustion, with 
subsequent recombination during expansion, will intro- 
duce an error, since the temperature-energy diagram is 
calculated for a fixed composition of combustion prod- 
ucts, whereas, in fact, the composition is a variable. 
As a matter of fact, the extent of dissociation at the 
ordinary maximum temperatures and pressures of com- 
bustion is only a few per cent. This is only a minor 
factor in the total incompleteness of combustion which 
ordinarily results from lack of mixture homogeneity. 
In the determination of the temperature-energy dia- 
gram, I naturally made calculations to estimate the 
possible error involved in the assumption of fixed com- 
position and found that, over the probable range or 
variation in the composition of exhaust products, the 
value of R varies not over plus and minus 11% per cent, 
and that the change in intrinsic energy over the tem- 
perature range varies less than 1 per cent. Since these 
variations are certainly well within the experimental 
error introduced by the indicator, the temperature- 
energy diagram based upon an average fixed composi- 
tion can be considered sufficiently accurate for univer- 
sal application. 


Mr. Marvin suggests that heat liberation may be tak- 
ing place during the first part of expansion, as indi- 
cated on the sample card, as well as during the later 
part of expansion, but that the much greater heat loss 
during the early part of expansion may be obscuring 
the heat liberation. While this is entirely possible, the 
value of the exponent, namely, 1.45, is so high as com- 
pared with the corresponding adiabatic value of about 
1.25 as to make it improbable that the exponent is 
being lowered to any extent by after-burning in this 
particular case. However, it is impossible to set up any 
normal exponent as a criterion by which to separate 
the heat loss and the heat liberation in such a case. 
Where the expansion characteristic is such as to indi- 
cate a net heat addition, as in the later part of expan- 
sion on the sample card, a rough estimate of the sepa- 
rate heat loss and heat liberation may be made as 
shown in the analysis. 

Dr. Dickinson’s mention of his experience with the 
same type of indicator is accounted for by difference 
in the characteristics of the engines experimented with. 
However, expansion exponents of 1.25 to 1.32 do seem 
somewhat low, considering that the adiabatic value is 
of the order of 1.25; also the compression exponents 
of 1.37 to 1.40, cited by Dr. Dickinson, hardly seems rea- 
sonable considering that these values are greater than 
the corresponding adiabatic exponent, which is of the 
order of 1.35. 


Light Alloys for Aircraft Engines 


(Concluded from p. 473) 


Mr. WELTY :—No; it is chill-cast in permanent molds. 
This process produces much the same result as is pro- 
duced when modifying elements are used in sand cast- 
ings. 

QUESTION :—If reduction in weight is so desirable, 
is there not a tendency to substitute permanent-mold 
castings on this score, even where the higher quality 
would not be necessary? Can a crankcase be made in 
a permanent mold? 

Mr. WELTY :—A crankcase casting is usually so con- 
structed that it cannot be produced in a permanent 
mold without a good deal of revision in design. It is 


possible, however, to produce fairly large and intri- 
cate castings by this process, provided they are laid 
out with a view to such production. The point that a 
real economic reason exists for the substitution of per- 
manent-mold castings for sand castings wherever pro- 
duction justifies such substitution is very well taken. 
For production in any reasonable quantity, the per- 
manent-mold process is more economical and the quality 
of the castings is higher than in the case of sand cast- 
ings. The permanent-mold process has reached large 
proportions in the last 10 years, and its applications 
are constantly increasing. 
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Carbon Deposits with Heavy-Duty 
Engines 


By C. J. Livinestone,! E. C. Martin? ann S. P. Marry’ 


TRANSPORTATION Meetinc PAPrer 


8 bev present paper, which is an extension of pre- 
vious work done at the Mellon Institute of Indus- 
trial Research in connection with carbon deposits from 
lubricating oils, deals with the results of tests made 
on heavy-duty engines in actual service. In making 
these tests 18 sleeve-valve-engine motorcoaches of the 
Pittsburgh Motor Coach Co. were used. These were 
divided into three groups of six vehicles each; the 
first group was lubricated with a paraffin-base oil of 
normally high carbon-residue value; the second, with 
a paraffin-base oil of extremely low carbon-residue 
value; and the third, with a typical naphthene oil. 
The fuel was an average grade of motor gasoline. In 
general, no deviation was made from the regular 
maintenance practice but all steps of maintenance and 
servicing were under the supervision of the authors. 
Tentative conclusions drawn from the tests are that 


N three previous communications from this labora- 
tory,’ the study of carbon deposits in automotive 
engines has been carried on with a view to estab- 

lishing any possible connection between the properties 
of lubricating oils and the conduct of these oils in use, 
particularly with regard to carbon deposits. The work 
so far has covered laboratory experiments with a small 
single-cylinder engine under rigid control employing 
oils of medium and heavy to extra-heavy grades, the 
conditions being altered to simulate those under which 
such oils would be used in actual service. In general, 
this work has brought out two points; first, that the 
carbon-depositing tendencies of automobile oils can be 
predicted approximately from the carbon-residue test 
of these oils; and, second, that the carbon-residue test 
is significant probably because it is a rough indication 
of the volatility, at flame temperatures, of the oils. 


How Requirements for Tests Were Met 


These experiments proved that, under carefully con- 
trolled conditions in a single-cylinder engine, appre- 
ciable differences in the carbon-depositing tendency of 
various lubricating oils could be measured and such 
measurements duplicated. In continuation of this 
work, the suggestion was made that the many vari- 
ables of engine operation affecting carbon deposition 
would mask the differences in the oil. We did not 
believe this to be the case and have sought to dupli- 


1 Jun. S.A.E.—Industrial fellow in petroleum research, Mellon 
Institute of Industrial Research, Pittsburgh. 

2Jun. S.A.E.—Research assistant, Mellon Institute of Industrial 
Research, Pittsburgh. 

3M.S.A.E.—Research engineer in petroleum technology, Mellon 
Institute of Industrial Research, Pittsburgh. 


*See Industrial and Engineering Chemistry, May, 1926, p. 502; 


also THE JOURNAL, June, 1926, p. 607, and June, 1927, p. 688. 
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Illustrated with Cuarrs 


the carbon-residue test is a fairly reliable index of 
carbon deposition in a poppet-valve engine and can 
be used in connection with paraffin-base oils. Protec- 
tion to the user from excessive carbon-deposits can be 
secured by placing reasonable limits on carbon-residue 
values in specifications for oils of the same viscosity 
class. In the case of a sleeve-valve engine, a paraffin 
oil of very low carbon-residue value was only slightly 
better than one having a normal value, and both were 
decidedly inferior to the naphthene oil. The addition 
of a provision for a vacuum distillation to the specifi- 
cation is recommended. This is stated tentatively by 
the authors as requiring a volatility of at least 90 
per cent when distilled under a 10-mm. vacuum and 
the oil should boil between suitable limits of liquid 
temperature, those for the motorcoach engines used 
being approximately 550 and 700 deg. fahr. 


cate some of our laboratory carbon work in fleet opera- 
tion. 

The only suitable equipment seemed to be a selected 
fleet of heavy-duty vehicles operated continuously on 
schedule over the same territory and under heavy duty. 
At the same time, we thought it desirable to employ 
conditions not so artificially regular as to have no con- 
nection with actual service. These requirements seem 
to be met by a fleet of motorcoaches in actual commer- 
cial service, where schedules are maintained, where the 
weight of the vehicle is such that the engines are op- 
erated under full throttle most of the time and where 
maintenance and care are closely supervised. The re- 
quirements of this service would be such that, while 
conditions are in general very uniform, the main con- 
sideration is that operation be continuous and sched- 
ules be maintained. Because of this, any academic ad- 
herence to desirable conditions beyond what is neces- 
sary for satisfactory functioning need not be feared. 
For instance, carbureter adjustment would in general 
not be closer than is needed for flexibility and maxi- 
mum power. At the same time any maladjustment 
beyond these limits would be quickly observed and cor- 
rected. The facilities for carrying on this work were 
obtained through cooperation with the Pittsburgh 
Motor Coach Co., which placed at our disposal 18 sleeve- 
valve-engine motorcoaches. The maintenance and su- 
pervision of these vehicles were turned over completely 
to us, with only the stipulation that the operating 
schedules of the company be maintained. 

This broadminded viewpoint of the Pittsburgh 
Motor Coach Co. was probably the most vital factor 
in the test. While in general no deviation from the 
regular maintenance practice of the company was 
made, all the steps of maintenance and servicing were 
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TABLE 1—PROPERTIES OF THE OILS USED IN THE TESTS 


Paraffin Oil Naphthene 
High-Carbon Low-Carbon Oil 
Flash-Point 


Deg. Fahr. 480 470 500 

Deg. Cent. 249 243 260 
Fire-Point 

Deg. Fahr. 520 535 565 

Deg. Cent. 271 278 296 
Viscosity, Sayvolt sec. 

At 100 Deg. Fahr 1,310 1,360 2,760 

At 210 Deg. Fahr. 105° 104 103 
Pour Test 

Deg. Fahr. 25 10 20 
Color, National Petroleum 

Association Scale 4.5 1.5 8.0 
Carbon Residue, per cent 1.00 0.15 0.70 


under our observation. This meant that the vehicles 
went through the regular routine of supplying fuel and 
oil, inspection, clean-out, necessary repairs and road 
services in the presence of representatives of this 
laboratory, and all records were kept by them. The 
keeping of complete records and the supplying of uni- 
form fuel and oil were facilitated by the fact that all 
the motorcoaches under test operated from one garage. 
This meant keeping a representative of this laboratory 
in touch with the garage and the vehicles on the road 
24 hours of the day. 

The active cooperation of the drivers was obtained 
and make-up oil was added at such points in their 
routes as was practicable. Each motorcoach under 
test carried beneath the driver’s seat 2 qt. of emer- 
gency oil which was checked each time the vehicle re- 
turned to the garage. The three oils were designated 
by different colors, the supply tanks, filler caps on the 
engine and emergency cans being painted to match. 
In this way the chances of using the wrong oil were 
minimized and, as the drivers did not know any of 
the oils by their trade names, they were not prejudiced. 
In fact, throughout the test the only comment made 
by the drivers was when the motorcoaches were turned 
into the shop for lack of power caused by plugging of 
the ports by carbon; as the test progressed some of 
the drivers noticed that the vehicles using one oil 
seemed to have freedom from this complaint and 
named the 6 motorcoaches using that oil as having 
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better power than the other 12. The courtesy and co- 
cperation shown by the officials and employes of the 
Pittsburgh Motor Coach Co. were vital factors in the 
successful carrying on of this work, and we wish to 
take this opportunity of expressing our grateful ac- 
knowledgment. Particularly thanks are due T. W. 
Noonan, T. E. Alderdice, J. A. Harvey, G. D. McKin- 
ney, and J. Walsh. 
Oils Used in Making Tests 

The 18 coaches were divided into three groups of 6 
each and for each of these groups a different oil was 
used. The first was a paraffin-base oil of normally 
high carbon-residue well refined and otherwise of high 
grade. The second was a paraffin-base oil of extremely 
low carbon-residue value and very drastically refined. 
The third was a typical naphthene oil. All three oils 
were of the same grade so far as viscosity is concerned, 
this being approximately 100 sec. Saybolt at 210 deg. 
fahr. The significant properties of the oils are given 
in Table 1. 

The fuel used during the entire test was an average 
grade of motor gasoline; it was sampled and examined 
at frequent intervals and was found to be very uni- 
form. The motorcoaches were operated for approx- 
imately 10,000 miles each, between early July and early 
October. In general, the weather was warm during 
this period and the service therefore very severe. The 
severity is accentuated by the fact that the Pittsburgh 
territory is extremely hilly and requires a considerable 
amount of second-gear operation. 


Results of the Tests 


The results with regard to carbon deposition were 
interpreted from the standpoint of the rate of closure 
of the exhaust ports by coke-like material that builds 
across these openings, cutting down the power and 
gradually making operation impossible. The coach com- 
pany’s regular schedule of port inspections was followed 
and at each such inspection, which fell at intervals 
between 1500 and 3000 miles of operation, a diagram- 
matic sketch was made of each port, showing the area 
covered and the actual shape of the deposit in the port. 
Each sketch was made on a prepared chart that was a 
projection of the sleeve ports on a horizontal plane. 
After this record had been made, the decision of the 
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coach company’s maintenance staff was accepted as to TABLE 2—SUMMARY OF TEST DATA 
whether port cleaning was necessary. In a number _ Motorcoach Total Distance. Oil Consump- Ports 
of cases ports went through the entire test without No. Run, Miles tion, Qt. Cleaned 
any removal of carbon whatever. In other cases, how- High-Carbon Paraffin Oil 
ever, depending on the oil used, vehicles were reported 2 6,143 390 30 
in by drivers for loss of power before the regular in- 3 7,980 373 24 
spection period had been completed, this failure of B.. 8,239 353 24 
power being due to excessive carbon-deposit that re- 33 Bano ro = 
quired immediate removal. Two typical samples of 42 9555 395 20 
port diagrams are given in Figs. 1 and 2. The former as _ 
gives the port history of an average motorcoach using Total 51,506 2,178 164 
the high-carbon paraffin oil and the latter shows the Average 94.6" 314° 
small amount of port closure found with the naphthene Low-Carbon Paraffin Oil 

: * ; eh 4 9,898 193 28 
oil. The summarized data on total mileage covered, o4 11090 295 20 
oil consumption, number of ports cleaned, and average 36 11.270 452 24 
of miles per port clean-out are given for the three 41 7,676 292 34 
groups of vehicles, each on a different oil, in Table 2 45 10,004 521 24 

In Fig. 3 is shown diagrammatically the history of ” bina ttete = Bound 
each engine port throughout the test. Each chart rep- Total 60,540 2.197 151 
resents a group of motorcoaches operated on one oil; Average 110" 401° 
each set of lines, a vehicle; each line, a port; and each Naphthene Oil 
square, a port clean-out, a triangle signifying one-half 1 9,691 383 9.5 
a port clean-out. The chart at the left refers to the = 10,254 384 9.5 
paraffin oil of high carbon-residue; the middle one, to ae sae i a 
the paraffin oil of low carbon-residue; and the one at 37 8.860 427 6.5 
the right, to the naphthene oil. 39 8,710 348 2.0 

Table 3 gives comparative figures for the amount of: ara ——- — 
obstruction at each port inspection. These have been iu 59,030 i PH 
obtained by using a planimeter on the port diagrams, ee yt 


the areas blocked off by carbon in all ports of each 
vehicle at the inspections being added together to give 
a total carbon-area figure for that motorcoach through- 
out the test. This has then been expressed as the per- 
centage of total available area that was covered by 
carbon throughout the test for that vehicle. After av- 
eraging for the six vehicles in each group, the carbon 
area per motorcoach per 10,000 miles traveled was cal- 
culated. This figure was converted into a percentage 
of the total port area per vehicle covered by carbon 
during 10,000 miles of operation. Obviously, the ports 
were cleaned when more than one-half of their port 
area was closed. 

Table 4 gives a summary of the results obtained 
from the small poppet-valve-engine tests made in the 
laboratory with the three oils used for the motor- 
coaches. The results are expressed in terms of grams 
of carbon collected per liter of oil consumed; this index 
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“ Miles per gallon of oil. 
> Miles per port clean-out 





is called the carbon value. The carbon value for each 
experiment is given both wet and dry; that is, based 
on the carbon as scraped from the engine and as cor- 
rected for oil and ash content. 





Discussion of Results 


From Table 2 the number of motorcoaches and the 
time and distance of operation appear to be sufficiently 
great to iron out the irregularities to be expected in 
operation of automotive equipment. The table shows 
also that oil consumptions for the three oils are suffi- 
ciently close to preclude any masking of results from 
this cause. From this table also may be seen the 
general trend of the results, which is brought out in 
the figures for miles per port clean-out under the data 
for each group of vehicles on each oil. For the high- 
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Fic. 2—A SIMILAR CARBON-ACCUMULATION RECORD FOR A MOTORCOACH USING A NAPHTHENE OIL 
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TABLE 3—COMPARATIVE FIGURES FOR PORT OBSTRUCTION 
Total Area Port Area 





Motorcoach, of Carbon, Covered, 
No. Sq. In. Per Cent 
High-Carbon Paraffin Oil 
2 34.96 62.4 
3 26.80 60.8 
6 20.32 45.2 
25 34.73 62.0 
33 41.23 62.4 
42 25.80 58.2 
Total 183.84 
Average 30.64 59.0 
Per 10,000 Miles 35.7¢ 324 
Low-Carbon Paraffin Oil 
4 31.99 58.2 
24 27.49 61.9 
36 32.55 59.0 
41 33.88 51.0 
45 22.33 50.3 
46 28.68 52.2 
Total 176.88 
Average 29.46 55.0 
Per 10,000 Miles 29.2¢ 266 
Naphthene Oil 
1 11.51 20.8 
5 15.44 27.8 
34 9.26 21.1 
37 10.36 19.0 
39 3.79 8.7 
26 19.07 34.6 
Total 69.43 
Average 11.57 22.5 
Per 10,000 Miles 11.8¢ 107 


¢ Per motorcoach 


carbon paraffin oil this average is 314 miles per port 
clean-out; for the low-carbon paraffin oil the figure is 
401 miles; and for the naphthene oil, 1556 miles. This 
indicates a very marked superiority of the naphthene 
oil over both paraffin oils. The significance of the figure 
for miles per port clean-out can be pictured as follows: 

If the miles per clean-out be multiplied by 6, the 
number of ports in each engine, a comparative figure 
will be obtained to indicate the distance an engine 
could operate on each oil without cleaning. For the 
high-carbon paraffin oil, it is 1884 miles; for the low- 
carbon paraffin oil, 2406 miles; and for the naphthene 
oil, 9336 miles. Fig. 3 brings out more strikingly to 
the eye the above comparisons regarding number of 
ports cleaned on the three oils. The small number of 
squares and triangles on the chart at the right as com- 
pared with the very much larger number on the other 
two is very marked. 

The significance of Table 3 rests on the three figures 
for percentage of port area closed by carbon per 10,000 
miles of operation. These indicate that with the high- 
carbon paraffin oil the entire port area would have been 
completely closed over more than three times during 
the 10,000-mile run. For the low-carbon paraffin oil 
the port area would have been closed more than two 
and one-half times over the same distance. For the 
naphthene oil, however, the area would have been 
closed only once. Approximately the same figure for 
the naphthene oil was obtained from the miles-per- 
port-clean-out relation given in Table 2, in which the 





® See THE JOURNAL, June, 1927, p. 690. 
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comparative figure for complete closure is 9336 miles. 
Another interesting point is that, with the naphthene 
oil, 9 ports went through the entire distance without 
any cleaning and 14 were cleaned only once. 

The results with the small poppet-valve laboratory- 
engine, as given in Table 4, show that these tests place 
the three oils in the same order as the motorcoach 
tests. The high-carbon paraffin oil gave the most car- 
bon; the low-carbon paraffin oil, the next; and the 
naphthene oil, the least. This is true whether wet car- 
bon as recovered from the engine or that corrected for 
cil and ash is considered. 


Carbon-Residue Test an Approximate Index of Carbon 
Deposition 


From the results of our previous studies on the sub- 
ject, we have pointed out the apparently general sig- 
nificance of the carbon-residue test as an index of the 
carbon-depositing tendency. In all the papers, how- 
ever, we have suggested that the fundamental property 
involved is the volatility of the oil at flame temperature 
as prevailing in the combustion-chamber and that the 
carbon-residue test owes its significance to its being 
a rough measure of such volatility. As a matter of 
fact, the carbon-residue test is probably dependent 
upon three main factors: (a) the quantity of com- 
pletely non-volatile, easily cracked asphaltic and simi- 
lar material in the oil; (b) the proportion of hydro- 
carbon material that is non-volatile enough to stay 
behind and crack; and (c) the character of this non- 
volatile residue that will crack to more or less coke, 
depending on its composition. Of these three, (a) is 
probably the least significant in an engine for well- 
refined oils, since drastic filtering does not seem very 
greatly to change the carbon-depositing tendency of 
an oil. 

When a test depends on so many and such complex 
factors, an occasional failure might be predicted. As a 
matter of fact, our work has brought out several such 
cases. In the latest paper’ a curve was shown indicat- 
ing straight-line relations between carbon-residue 
value and carbon deposits, different grades of oil giving 
values falling on different straight lines. This curve 


TABLE 4—RESULTS OF CARBON-DEPOSITION TESTS ON A SMALL 
POPPET-VALVE ENGINE 
Weight of 





Oil Con- Weight of Wet Carbon, Less Dry 
sumption, Carbon,Wet, Carbon Oiland Ash, Carbon 
Ce. Gm. Value Gm. Value” 
High-Carbon Paraffin Oil 
245 3.664 14.8 2.231 9.1 
230 2.924 12.7 1.858 8.1 
Average 13.8 Average 8.6 
Low-Carbon Paraffin Oil 
245 2.781 11.8 1.490 6.1 
250 2.610 10.4 1.430 5.7 
Average 10.9 Average 5.9 
Naphthene Oil 
230 1.675 1.3 1.187 5.2 
235 1.686 7.2 1.280 5.5 


Average 7.3 Average 5.3 


5 Grams of carbon per liter of oil consumed. 
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is now reproduced as Fig. 4 with additional points in- 
serted. Point 13 is for an extra-heavy blend of light 
naphthene oil with a Mid-Continent bright stock; 14 is 
for a similar blend of the same oil with a Pennsylvania 
bright stock; 13 falls on Curve B but 14 does not. 
Points 15, 16 and 17 are for the small-engine results 
with the high-carbon paraffin, the low-carbon paraffin 
and the naphthene oils, respectively, used in the pres- 
ent study. Points 15 and 16 fall on a line practically 
parallel to Curve B, but point 17 is completely off the 
curve. The fact should be remembered that, as the 
oils become heavier, the lines would be higher in the 
graph, the slopes depending on the combustion-cham- 
ber temperatures. Furthermore, the present results 
with sleeve-valve engines bear no perceptible relation 
to carbon-residue values. Two difficulties are thus ap- 
parent; first, to establish the significance of the car- 
bon-residue test for engines in general, and, second, 
to find a test that will choose oils which are satisfac- 
tory for sleeve-valve-engine use. The second has 
seemed the easier task. 

The construction of the ports in a sleeve-valve en- 
gine is such that the carbon deposited is subject to 
erosion by the exhaust gases. A soft, fluffy carbon 
will not have much opportunity for accumulation. A 
heavy, sticky carbon, on the contrary, will build up in 
a very short time. Any deposit will decrease appre- 
ciably the gas-flow through the port and the deposit 
will augment itself rapidly.. In other words, the proc- 
ess of deposition increases progressively after the man- 
ner of a snowball rolling down hill. 

The suggestion has been made that a decrease in the 


Coach Port 





Coach Port 
No. No No. No. 
| | 
2 2 | 
es a 
5 5 
6 6 
] 1 
2 2 
y 3 244 3 
5 5 
6 see 6 
I 1 
5 Soene sees eee ee 2 
a a oe So 
. 3 a 36 3 
6 6 
t 1 
7. z 
2+ 
25 === et a 3 
5 5 
6 6 
| 1 
2 2 
a 3 45 i 
5 5 
6 6 
1 1 
2 2 
42 ? 46 3 
5 5 
. 6 
SSSS8S8SSBSSSESB 
oSESSERSESRSE 


Distance Run, miles 


High-Carbon Paraffin Oil 


November, 1929 





Low-Carbon Paraffin Oil 


No. 5 








port area, as by carbon deposits, should increase the 
speed of the gas-flow through the ports, tending thus 
to erode the deposit. When a dense and adherent de- 
posit has formed, this effect is not noticeable; with the 
naphthene oil, however, several cases were observed in 
which a deposit present at one inspection had been ma- 
terially reduced at the next. The tests with the three 
oils in the laboratory poppet-valve engine indicated 
that the most adherent and densest carbon was de- 
posited by the high-carbon paraffin oil; this oil, corre- 
spondingly, required the most clean-outs in the motor- 
coaches. The low-carbon paraffin oil gave carbon 
deposits that were somewhat softer than those from 
the high-carbon oil and gave slightly better perform- 
ance in the vehicles than did the latter. The carbon 
from the naphthene oil was definitely different from 
that of either of the two other oils, being soft and 
powdery. Correspondingly, the motorcoach results 
from this oil were strikingly the best. 


Laboratory Test for Sleeve-Valve-Engine Oil 


The establishing of a laboratory test that will serve 
to recognize an oil of the character desirable for sleeve- 
valve engines has been the subject of much study on 
our part. Gravity, carbon-residue test and similar 
physical characteristics and combinations of these, 
such as the carbon-residue test of a distillation residue, 
have proved unsatisfactory. The fact that an oil which 
was volatile at very high temperatures left a soft, 
powdery carbon, while an oil which was non-volatile at 
the same temperatures left an adherent carbon, as 
established by previous work in this laboratory, sug- 
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In These Charts Each Group of Lines Represents a Motorcoach; Each Line, a Port; Each Square, a Port Clean-Out; and Each Tri- 


angle, One-Half of a Port Clean-Out. The Freedom from Carbon 


Deposit in the Case of the Motorcoaches Lubricated with the 


Naphthene Oil Is Strikingly Brought Out by the Small Number of Squares and Triangles in the Chart at the Right 
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gested that a distillation test, preferably in vacuo, 
would serve the purpose, and this has proved to be 
correct. 

A distillation test under 10-mm. pressure was ap- 
plied to the three oils used in this work. The flask 
used was that described in Bureau of Mines Bulletin 
No. 207, modified with a second neck to allow the tak- 
ing of liquid temperatures. The usual gauze cones were 
used in the vapor column. Because of the varying 
boiling-ranges of naphthene and paraffin oils, con- 
trolling the heat input rather than the distillation rate 
proved advisable in a test of this kind. Current input 
to the electric heater was adjusted to give a tempera- 
ture rise of between 11 and 12 deg. fahr. per min. dur- 
ing the predistillation period. This setting was main- 
tained during the distillation, the cracking point being 
distinguished by a drop in vapor temperature. The 
results of these distillations are given in Table 5. 


TABLE 5 
Pressure — 


Amount Distilled at Cracking Paraffin Oil 


VACUUM-DISTILLATION 
10 Mm. — — 2 Mm. 


being volatile at high engine-head temperatures, also 
deposit little carbon, a blend of heavy naphthene with 
light paraffin-oil will very probably have the carbon- 
depositing characteristics of a straight naphthene-oil. 
Such a blended oil would also have better viscosity- 
temperature characteristics than the straight naph- 
thene product. 

The three factors listed earlier in the discussion as 
influencing the carbon-residue test, almost undoubtedly 
are the most important in determining carbon-deposit- 
ing tendency in an engine, but they cannot be sorted out 
and evaluated from the single figure of the Conradson 
test, any more than the values of three unknown quan- 
tities can be determined from one equation. Factor 
(a), the asphaltic material in the oil, while exerting a 
great influence on the carbon-residue test, might 
change the engine carbon-deposit very little. A logical 
deduction from this would suggest heavy clay filtering 


DATA 


Naphthene Paraffin Oil 


Point, per cent High-Carbon Low-Carbon Oil High-Carbon Low-Carbon 
30 30 90 4] 49 

—- : Deg. Deg. Deg. Deg. Deg. Deg. Deg. Deg. Deg. Deg. 
Distillation Temperatures Fahr. Cent. Fahr. Cent. Fahr. Cent. Fahr. Cent. Fahr. Cent 

Initial Boiling-Point 544 284 614 323 580 304 190 254 520 271 

10-Per Cent Point 604 317 650 343 590 310 543 284 584 306 

20-Per Cent Point 650 343 676 357 598 314 606 . 319 615 318 

30-Per Cent Point 698 370 698 370 602 316 650 343 644 340 

40-Per Cent Point 607 319 690 365 672 355 

50-Per Cent Point 614 323 700 37 

60-Per Cent Point 621 326 

70-Per Cent Point 628 331 

80-Per Cent Point 640 338 

90-Per Cent Point 664 351 


The naphthene oil distilled off 9 per cent by volume 
between 580 and 664 deg. fahr. This oil gave good 
results. The low-carbon paraffin oil gave 30 per cent 
off between 614 and 698 deg. fahr. when it cracked. 
The high-carbon paraffin oil gave 30 per cent off be- 
tween 544 and 698 deg. fahr., the cracking tempera- 
ture. This serves to emphasize the point that such a 
distillation will distinguish a satisfactory oil from one 
that is not satisfactory but will not evaluate two un- 
satisfactory oils for desirability. However, to inves- 
tigate the point in question, the high-carbon and the 
low-carbon paraffin oils were distilled in the same way 
at 2-mm. pressure. This served to bring out the dif- 
ference between them. The high-carbon paraffin oil 
gave 41 per cent off between 490 and 704 deg. fahr.; 
the low-carbon paraffin oil gave 49 per cent off between 
520 and 703 deg. fahr. The difference in volatility is 
in the same direction as the differences in carbon for- 
mation in the motorcoaches for the two oils and per- 
haps of the same magnitude. 

In other words, such a distillation test would mean 
that only oils which are naphthenic in character or 
naphthenic blended with distilled paraffin-oils could be 
specified. Our previous experiments on different types 
of oil have shown that straight-distilled paraffin-oils 
of not above 300 sec. Saybolt viscosity at 100 deg. fahr. 
are very low in carbon-depositing tendency. This fits 
into the general theory of the relation of volatility to 
carbon deposition. Since the heavy naphthene-oils, 


of an oil before applying the carbon-residue test. We 
have tried this but have obtained no conclusive results 
yet. Factors (b) and (c), the proportion of non- 
volatile residue and the proportion of coke left by this 
residue on cracking, may conceivably vary indepen- 
dently; but our experience is that an oil which leaves 
very little residue that is non-volatile at flame tem 
peratures also leaves very little of this residue as 
carbon. Such conduct seems to be an inherent prop- 
erty of naphthene oils. Only volatility at combustion- 
chamber temperatures is important, since good oils are 
not volatile at piston-wall temperatures. 

A fourth factor in engine carbon-deposits, which is 
not reflected in the carbon-residue test, is the charac- 
ter of the coke formed on cracking. A dry, powdery 
form, free from binder, is desirable since mechanical 
influence inside of the engine can easily remove it. 
This is brought out forcibly by the present work with 
sleeve-valve engines. Such loose deposits seem also to 
be an inherent characteristic of naphthene oils. 


Conclusions Drawn from Tests 


Such conclusions as can be drawn, while tentative, 
are clear. The carbon-residue test is a fairly reliable 
index of carbon deposition in a poppet-valve engine, 
other conditions being rigidly the same. Of 17 oils 
listed, 15 give fair agreement with a straight-line re- 
lationship to carbon-residue test. Its success is most 

(Concluded on page 498) 
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Developments in Motor Fuels 


By D. P. BARNARD, 4TH! 


DaytTon Secrion Paper 


N the basis of heat of combustion, gasoline as now 

marketed cannot compete with fuel oil or kero- 
sene, and even coal, with its lower heat-content, would 
furnish a cheaper source of energy than fuel oil. 
Progress in improving fuels for the carbureter-type 
internal-combustion engine must be directed toward 
securing greater efficiency and reliability in operation 
and, to a less extent, flexibility. 

Cost of fuel on the basis of useful work realized 
per dollar expended is more important than the 
weight of fuel consumed, says the author, who states 
further that, while this problem is fairly simple in 
the case of motor-vehicles, it becomes rather more 
complicated with aircraft. Here increased cost of 
power production must be balanced against increased 
pay-load possibilities, while on the ground the compe- 
tition in automobile performance, coupled with the 
relatively insignificant cost of fuel, has compelled the 
production of fuels at costs that the resulting in- 
creased efficiency does not justify. The effect of the 


HE use of gasoline as a fuel for internal-com- 

bustion engines depends upon two principal prop- 

erties: (a) the heat of combustion of the fuel 
and (b) the ease with which this heat can be liberated 
and transformed into useful mechanical energy. If 
the first characteristic alone were the criterion for 
judging the value of a motor fuel, gasoline as now 
marketed obviously would have no chance of competing 
with other sources of energy. A pound of fuel oil or 
kerosene contains just as much heat as a pound of 
gasoline, and even coal, with its somewhat lower heat- 
content, would furnish a cheaper source of energy than 
fuel oil. The value of gasoline as a motor fuel, there- 
fore, centers chiefly on’ those peculiar properties that 
make possible its convenient handling and storage, and 
transforming its potential energy into useful work. 
with the minimum of complication and effort and under 
conditions that permit the maximum flexibility in oper- 
ation. 

Obviously, then, progress in improving fuels for an 
internal-combustion engine of the carbureter type must 
be directed toward those utilization characteristics that 
will permit employment under more-efficient conditions 
and a wider range of operating conditions than is pos- 
sible at present. From the viewpoint of the duties 
imposed upon gasoline engines, obviously the demands 
for improvement are principally those of greater effi- 
ciency and reliability in operation and, to a less extent. 
flexibility. 


Useful Work per Dollar an Important Cost-Factor 


From the viewpoint of fuel economy, the important 
factor is not so much the weight of fuel consumed 


1M.S.A.E Research automotive engineer, Standard Oil C 
Indiana, Whiting, Ind 
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Illustrated with Cuarts 


Federal Specifications for motor and aviation gaso- 
lines on improvements is discussed with particular 
reference to the copper-dish corrosion-test and the sul- 
phur content. Charts showing the effect of improving 
distribution characteristics and antiknock character- 
istics supplement the text. 

Considerable improvement in over-all powerplant 
economy and in reliability and flexibility of operation 
are possible in aviation fuels, the author concludes, 
provided the composition of the fuel is materially 
altered from those now used. This change to secure in- 
creased antiknock characteristics can be accomplished 
by following the lines pursued in the automobile-fuel 
field, which have been (a@)proper choice of cracking 
conditions, (b) addition of tetraethyl lead, or (c) 
both. Such improvement, however, is not possible 
until the specification for United States Domestic 
Aviation Gasoline is modified to permit using fuels 
containing both cracked material and a knock sup- 
pressor. 


in producing a given quantity of power but rather 
the cost of fuel on the basis of the useful work real- 
ized per dollar spent. In- the case of vehicles travel- 
ing on the ground, this problem is fairly simple, as 
almost any weight of fuel can be carried in the tanks 
without appreciably affecting the pay-load capacity of 
the vehicle. In air transportation the problem becomes 
rather more complicated because every pound of fuel 
that must be carried represents a corresponding de- 
crease in revenue load. In considering changes in fuels 
for aircraft purposes, therefore, we must balance any 
increase in cost of producing power against the possible 
increase in the pay-load capacity of the aircraft. 

On the ground, however, the criterion for power de- 
velopment is not strictly a matter of dollars and cents 
cost for useful work accomplished. A certain compe- 
tition aspect enters into the performance of automo- 
biles, which, coupled with the present relatively insig- 
nificant cost of fuel, has made necessary the production 
of fuels at cost increases that cannot always be justi- 
fied on the basis of increased efficiency. The returns, 
rather, must be taken in the form of improved accelera- 
tion and flexibility that, in turn, make the automobile 
more convenient as a source of transportation and 
under certain conditions may tend to increase its safety 
in operation. 

Reliability of the gasoline engine is affected only to 
a small extent by the quality of fuel used. Two factors 
in particular, however, exert some influence in this 
connection. Under some conditions the fuel may 
have a tendency to vapor lock, with an accompanying 
partial or total failure-of the powerplant. In an auto- 
mobile such a condition is annoying; in an airplane it 
may be considerably more serious. Theoretically, se- 
curing greater engine-reliability through the use of 
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fuels of high antiknock properties should be possible. 
The use of higher compressions and the corresponding 
increased thermal efficiencies relieve exhaust valves of 
the necessity of dissipating as much waste heat as 
cecurs with low-compression engines of the same 
breathing capacity. As the exhaust valve is frequently 
one of the principal factors in determining the life of 
an engine between overhaul periods, this should be a 
factor in determining the value of a fuel, particularly 
for aircraft work. If any real improvements in the 
gasolines now used for automobile and aircraft work 
are to be effected, they must be accomplished along the 
lines of better antiknock characteristics, possible 
changes in volatility to secure the maximum fuel econ- 
omy for a given type of aircraft operation and insur- 
ance against troubles due to vapor lock. 


Federal Specifications Restrict Improvement 


Considering the relation of the Federal Specifica- 
tions for motor and aviation gasolines in connection 
with any such possible developments is interesting. As 
is well known, only one specification deals with charac- 
teristics of the fuel that affect directly its performance 
in an engine. All of the other tests applied under these 
specifications treat the fuel as a chemical to assure that 
it shall not have any objectionable features aside from 
those directly connected with its combustion. The one 
specification dealing with performance, that of dis- 
tillation range, indicates that the only improvement 
which can be expected in a gasoline shall be effected 
along the lines of changing volatility. This is equiva- 
lent to specifying that the only improvement which can 
be made in a gasoline shall be that of reducing its 
average molecular weight. This limitation is particu- 
larly true in the case of aviation gasoline, which must 
pass a copper-dish corrosion-test that effectively pro- 
hibits the use of any of the hydrocarbons ordinarily 
occurring in petroleum except those obtained by simple 
distillation. Motor gasolines, not being purchased 
under such rigid specifications, are subject to much 
greater leeway and can be improved by changing the 
composition as well as the volatility. This type of im- 
provement has been carried out to a considerable extent 
even at present. 

If producing a fuel of increased antiknock power for 
aviation purposes and at the same time keeping within 
the Federal Specifications is desired, the only variable 
that can be changed by the fuel manufacturer is the 
90-per cent point on the distillation curve. The present 
specifications require that this point for domestic avia- 
tion gasoline shall not be above 311 deg. fahr. Much 
of the gasoline being supplied for commercial flying is 
now running with a 90-per cent point in the neighbor- 
hood of 275 deg. fahr., and motor gasoline has a 90-per 
cent point about 100 deg. fahr. higher. As the problem 
in gasoline manufacture is that of producing light 
material rather than heavy, charging the cost of avia- 
tion gasoline for the degradation in value of the heavy 
ends that must be classed as gas oil rather than motor 
gasoline becomes necessary. On the basis of a 5-cent 
differential between the market prices quoted for gas 
oil and gasoline, the aviation gasoline should cost 2 
cents more than motor gasoline with no allowance made 
for decreased total yield due to the necessity for crack- 
ing or for extra costs of distribution. 

Further reduction of the 90-per cent point will, of 
course, be accompanied by a progressively increasing 


manufacturing cost, as indicated in Fig. 1 by the Fuel 
Price curve. On the other hand, many data exist which 
indicate that the highest useful compression-ratio 
varies but relatively little between the hydrocarbons 
considered. Obviously such a decrease in molecular 
weight of the fuel makes possible improvements in 
volumetric efficiency and distribution which will pver- 
mit of somewhat higher specific power-output and de- 
creased fue!-consumption. At best, however, the im- 
provements in actual engine performance, taking into 
consideration the other factors that determine the suit- 
ability of a powerplant for airplane purposes, would 
be represented by a curve such as that marked Fuel 
Consumption. The product of these two curves, there- 
fore, produces a third curve of Fuel Cost, the minimum 
of which indicates the fuel yielding the minimum net 
cost of producing power. As will be noted, this curve 
rises very sharply on either side of the minimum and, 
because of the rapidly increasing cost of producing low- 
molecular-weight fuel on one hand and the rapid loss 
in efficiency with fuels of poor volatility on the other 
hand, allows very little room for either engine modi- 
fications or improvements in the performance charac- 
teristics of the fuel. 


Changing Chemical Composition Affords Greater Pos- 
sibilities for Improvement 

If, however, we consider the possibility of improving 

fuels by changing compositions rather than by arbi- 

trarily decreeing that only the molecular weight can 
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FIG. 1—EFFECT ON FUEL Costs OF IMPROVING DISTRIBUTION 
CHARACTERISTICS 
The Fuel-Price Curve Has as Its Basis a Price for Motor Gasoline 
of 11 Cents per Gal. and for Gas Oil of 5% Cents, Both Prices 
Being for Tank-Car Quantities and Not Including Any Distribution 
Costs The Basis of the Fuel-Consumption Curve Is the Obtain- 
ing of 10 B.Hp-Hr. from 1 Gal. of United States Motor Gasoline 
and a 25-Per Cent Increase in Fuel Economy by Reducing the 
90-Per Cent Point to 200 Deg. Fahr 


be lowered, the prospects are found to be much more 
encouraging. At present, two major possibilities exist 
for improving the detonation characteristics of a fuel. 
The one that has been most successfully used is that 
of adding tetraethyl lead as a detonation suppressor. 
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The costs of producing an antiknock fuel by this means 
can obviously be readily calculated. Another possi- 
bility, as yet of negligible importance commercially 
but which may assume greater importance as develop- 
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Fic. 2—EFFEcT oF ANTIKNOCK CHARACTERISTICS ON FUEL 


Cost 
The Fuel-Price Curve Is Based upon the Possibilities of Produc 
ing a High Antiknock Rating by Cracking and the Use of a Knock 


Suppressor 


ments proceed, is that of cracking to produce a fuel of 
high natural antiknock character. 

While vapor-phase cracking must be considered as 
bearing the same relation to the petroleum-refining in- 
dustry that front-wheel drives and individual-wheel 
Suspensions do to the motor-car industry, no reason 
exists for questioning the soundness behind this par- 
ticular method of improving the detonation character- 
istics of fuels. Certainly cracking under conditions 
that produce high antiknock-values will cost more than 
the simpler types of operation at present employed. 
This cost, however, should be much smaller than the 
cost of reducing molecular weight to the extremes that 
would be required if volatility alone could be changed. 
Within the range that can be regarded as practicable, 
the costs of producing high-antiknock fuels by this 
method will probably follow a curve of the type marked 
Fuel Price in Fig. 2. On the other hand, the real- 
ization to be effected by the use of fuels of really high 
detonation-characteristics will follow the Fuel-Con- 
sumption curve. The same type of balance that was 
made in Fig. 1 now produces a curve in Fig. 2 marked 
Fuel Cost, which indicates much greater possibilities 
for improvement than could possibly be effected by 
simply increasing fuel volatility. The improvements 
that can thus be effected will, in general, be those of 
increased fuel economy and increased pay-load ca- 
pacity of the airplane, and, if a judicious compromise 
is reached between antiknock value secured by changing 
composition and the benefits obtained with improved 
volatility, a considerable increase in engine flexibility 
will result which must be reflected by increased relia- 


7See Chemical and Metallurgical Engineering, May, 1926, p. 294 


%See S.A.E. JOURNAL, June, 1929, p. 584. 





bility both as regards life of the engine and safety in 
maneuvering. 


Copper-Dish Corrosion-Test Results Not Reproducible 


This type of fuel development obviously cannot be 
effected at present because of the obstacle imposed in 
the form of the copper-dish corrosion-test. This test 
was devised during the war and consists in evaporating 
a 100-cc. sample to constant weight in a copper dish 
on a steam bath. It is a rough measure of potentia! 
gum-formation or gumming tendency of the fuel, ai- 
though the test is conceded to be incapable of accurate 
reproduction. In this connection, Dr. H. C. Dickinson 
says, “the commonly used copper-dish method of test 
is distinctly wanting of reproducibility of results and 
brings many difficulties in standardization.” 

While the necessity for effective protection against 
gum troubles cannot be denied, the more logical pro- 
cedure seemingly would consist in the adoption of a 
test that shows whether objectionable gumming ma- 
terials are actually present in the gasoline. This is 
really all of the information in which the consumer is 
directly interested. It should be the gasoline manu- 
facturer’s responsibility to make sure that his product 
will not develop objectionable quantities of gum when 
stored for appreciable periods. Even if leaving this 
responsibility entirely up to the refinery is not desira- 
ble, protecting the purchaser by an additional test for 
stability against oxidizing reactions that tend to form 
gum is still possible. Probably the best work that has 
been published in this connection up to the present is 
that of Voorhees and Eisinger®. Their work, which 
includes a number of investigations of the tendency 
for gum to deposit in engine induction-systems and 
also the requirements for suitability under storage 
conditions, indicates that proper insurance against ex- 
cessive quantities of preformed gum can be obtained 
by the so-called “glass dish steam-oven test” and that 
protection under storage conditions can be assured by 
the oxygen-bomb test. These tests serve admirably te 
protect the gasoline user without penalizing him by 
blocking the most promising method of fuel improve- 
ment that is open at present. 


Limitation of Sulphur Content Is Justified 


Another question which has been raised recently in 
connection with changing of the properties of motor 
fuels is that of sulphur content. Considerable work 
has been done on this subject with the general result 
that the Federal Specification limit ef 0.1 per cent 
seems well justified. This sulphur restriction does not 
serve to hamper improvement to any appreciable ex- 
tent. Certain types of product, and particularly the 
gasoline from certain crudes, present extremely diffi- 
cult problems of sulphur removal. Producing gasoline 
of satisfactory sulphur-content from almost any crude 
that is available is entirely possible, however. While 
this may involve some additional refinery expense, the 
troubles encountered by the use of fuels having exces- 
sively high sulphur-content, especially in automobiles, 
are too serious to permit the sulphur specification to be 
cast aside lightly. 

In general, therefore, insofar as aviation fuels are 
concerned, a considerable amount of promise seemingly 
exists for substantial improvement from the viewpoint 
of increasing over-all powerplant economy and effect- 
ing very material gains in reliability and flexibility of 
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operation. To accomplish this, however, makes neces- 


sary the material altering of the composition of the 
fuel from that which must be used at present to com- 
ply with the copper-dish corrosion-test. Alteration in 
chemical composition to obtain increased antiknock 
characteristics can be accomplished by (a) the proper 
choice of cracking conditions, (b) the addition of tetra- 
ethyl lead, or (c) both. This procedure is at present 


Carbon Deposits With Heavy-Duty 


(Concluded from p. 


conspicuous in evaluating paraffin oils. The setting in 
oil specifications of reasonable upper limits for carbon- 
residue values in the same viscosity class should pro- 
tect the user from excessive carbon deposits, because 
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Fic. 4—CHART SHOWING THE STRAIGHT-LINE RELATION BE- 
TWEEN THE CARBON-RESIDUE VALUE AND CARBON DEPOSIT 


a paraffin oil of low carbon-residue value must 
highly refined; a naphthene oil, always of low 
residue value, has an inherent tendency to low 


be very 
carbon- 
carbon- 
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being employed to some extent to improve the perform- 
ance characteristics of gasoline to be used in automo- 
biles. Following the same line of attack will be neces- 
sary to substantially improve aviation fuels. To pro- 
vide the proper channels for such development, the 
Federal Specifications should be so modified as to per- 
mit the use of fuels containing both cracked material 
and a knock suppressor such as tetraethyl lead. 
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deposit. In either case the user will by this means be 
protecting himself against abnormal carbon-deposition. 

For sleeve-valve engines, the situation seems to be 
different. A paraffin oil of very low carbon-residue 
value was only slightly better as to carbon deposits 
than one of normal carbon-residue value, and both 
were very strikingly inferior to a naphthene oil. The 
characterizing of such a naphthene oil seems possible 
best by a vacuum-distillation specification. A tenta- 
tive recommendation might be that such oils, in addi- 
tion to being otherwise suitable, should show at least 
9$0-per cent volatility when distilled under 10-mm. pres- 
sure in a test similar to that described herein and 
should boil between suitable limits of liquid tempera- 
ture, these to be set for the particular equipment in 
mind. For the motorcoach engines used in this work 
these limits might be between approximately 550 and 
700 deg. fahr. at 10-mm. pressure. Probably 5 per cent 
could be allowed to distill over below the lower tempera- 
ture-limit. Other suitable upper and lower limits must 
perhaps be set for other types of sleeve-valve engine. 

We wish to acknowledge our indebtedness to H. C., 
Mougey. chief chemist of the General Motors Corp. 
Research Laboratories. He has been connected with 
this work since its inception, and we have received 
both inspiration and assistance from him. 





Distillate as Rail-Car Fuel 


WANAMAKER’ 


By E. 


OME time ago the management of the Rock Island 
railroad realized that we were going to be con- 
fronted with two major problems in the more 

economical transport of heavy traffic and also of the 
lighter rail traffic that would result from the tremen- 
dous development in highway traffic and possibly in air 
traffic. Now we feel that even highway transport is 
yet in its infancy and that we shall lose a great deal of 
our traffic to these more modern forms of transporta- 
tion, the economic use of which is necessary to the com- 
mercial and social welfare of the citizens. 

The railroads have no quarrel with other forms of 
transportation; rather, they are looking forward to 
the day when the rail transportation systems, with their 
huge investments and large 
organizations, will be the 
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too fast and a little too far, but virtually all of the rail- 
road light traffic can be motorized, to the ultimate 
benefit of both the railroads and the public, if motorized 
equipment can be built in which the first cost and the 
maintenance, fuel and lubrication costs are not too high. 
Probably the demand for fuel for automobiles, motor- 
coaches and motor-trucks will increase, and there is an 
increasing demand for fuel for gasoline and oil engines 
used in industrial, agricultural, railroad and marine 
service. The demand for aircraft fuel also is likely to 
increase at a very rapid rate, and we have to consider 
the demand for fuel to be burned under marine, loco- 
motive and stationary steam boilers and for industrial 
and domestic heating. However, we are not so much 
concerned over this demand, 

since, except in cases of 





backbone around which will 
be coordinated the highway, 
airway and rail transport. 
Our management thought 
that the internal-combustion 
engine might go a long way 
toward solving the problem 
of the lighter rail traffic, 
especially since ours is, in a 
sense, an oil railroad. When 
oil was first struck in the 
famous Seminole fields, said 
to be the greatest oil-pro- 
ducing fields in the world, 


Rock Island 


with an economic 


uses of fuels and 


petroleum. 


the 
has 


showing 


Distillate physical 


Passing through the Seminole oil fields, 
Railroad early 
in the use of internal-combustion engines for 
branch-road service, and sought a suitable fuel 
future, 
lubricants 


The fuel requirements of internal-combustion 
engines of various types are analyzed and the 
manufacture of petroleum products is outlined, 
place of distillate 


naval service, it can be easily 
met by the use of coal— 
pulverized, in many in- 
stances—whenever the cost 
of liquid fuel increases to 
any considerable extent. 
Liquid fuels for any pur- 
pose other than use in in- 
ternal- combustion engines 
and ships of war are not an 
actual necessity, economic or 
otherwise; but lubricants 
for all kinds of machinery 


the 


became interested 


considering other 


derived from 


among them. 


properties similar to - 
are 


I happened to be on a train 
that was held up for hours 
where the first well boomed 


those of kerosene, but chemical differences that 


prevent it from burning on a wick and make 


it better than kerosene for burning in an engine. 


Relative prices of gasoline and distillate at 


an actual necessity, and 
the demand for them must 
be considered in any study 
of rail-motor fuel. 


its way across our main line. 
This flow of oil has meant 
a great deal to our railroad, 
so we probably became a 
little more oil-minded than 
some of the other railroad 
men. 

We outlined a program six or seven years ago, start- 
ing with a small gasoline engine and planning to use 
larger and more economical units eventually. We have 
had troubles as we progressed, but our investment in 
this type of equipment has paid a net return of a little 
more than 40 per cent per year. 


the 
for 


refinery given, 


the 


are 


future are 





Considerations Governing Choice of Fuel 


We chose to try to procure a distillate-burning en- 
gine, because we thought that the smaller units would 
not be used long on the railroad and that gasoline is 
too expensive for the larger units. The highways are 
well able to take care of a large part of the lightest 
traffic, and we sought to abandon the use of steam en- 


tirely on branch lines. Perhaps we rushed in a little 
‘Electrical engineer, Chicago, Rock Island & Pacific Railroad, 
Chicago. 


and comparative prices 
estimated. A 
for distillate is included in the paper. 





When fuel consumption of 
an engine approximates '% 
gal. per mile, its cost be- 
comes of some importance, 
and we are now building 
800-hp. rail-cars in which 
the fuel consumption will be 
much greater than in the smaller cars. 

The liquid fuels available for rail-car-engine opera- 
tion are gasoline, benzol, kerosene, distillate, light Die- 
sel-oil, heavy Diesel-oil and fuel oil. This list can be 
shortened readily because benzol is in most cases too 
expensive; kerosene is but little if any cheaper than 
gasoline, on account of the growing demand for use in 
kitchen oil-stoves and for other purposes; and fuel oil 
so far has been burned successfully only in large, slow- 
moving stationary and marine Diesel engines. This 
leaves available gasoline, distillate, light Diesel-oil 
and heavy Diesel-oil. 

Distillate can be used in an engine that is essentially 
a well-designed and well-built gasoline engine fitted 
with a specially designed carbureter for better atomiz- 
ing and mixing the fuel, having slightly lower compres- 
sion, and embodying minor changes in cylinder-head 
design. 


specification 
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Light Diesel-oil is suitable for use in high-compres- 
sion solid-injection engines with fuel injection at a 
fixed time near the end of the compression stroke by 
a metering pump which delivers the oil to an atomizing 
injection-valve at a pressure of from 3000 to 10,000 
Ib. per sq. in. 

Heavy Diesel-oil is suitable for use only in air- 
injection or true Diesel engines, which are hardly 
adapted to rail-car service now on account of weight 
and low crankshaft-speeds, according to the view of 
operating railroad men. 

Gasoline engines, as built today, are undergoing some 
changes the nature of which depends on the service in 
which they are to be used. For automobiles, the trend 
is toward higher compression, to increase the capacity 
and efficiency or decrease the weight and cost of the 
engine. This probably will result in the production of 
a higher grade of gasoline at higher cost, especially 
since the automobile engine apparently requires a more 
volatile fuel to provide the flexibility and indifference 
to temperature changes, because of weather and irreg- 
ular operation, that the automobile-driving public seems 
to demand. 

Aircraft engines require a light gasoline with no 
heavy ends, for high thermal efficiency, and therefore 
economy in weight of fuel carried rather than in cost 
of fuel. 

Rail-car gasoline-engines, large motorcoaches, motor- 
trucks and industrial engines do not require such a 
high-grade gasoline as do passenger-cars and aircraft. 

Practically no true Diesel engines, that burn the 
heavy, low-grade, inexpensive oils used by large marine 
and stationary Diesel engines, are employed in rail- 
ears. The so-called Diesel or oil-engines in this service 
really are semi-Diesel engines, more properly called 
solid-oil-injection engines. They burn a fuel known 
generally as light Diesel-oil, which is somewhat similar 
to domestic furnace oil; and the latter is virtually the 
same as the rail-car distillate which is the subject of 
this paper. 


Requirements of Various Engine Types 


In developing internal-combustion engines for use 
in transportation, the designer must be governed by the 
requirements which the particular transport vehicle 
imposes. Confining ourselves to commercial needs and 
ignoring all sport models, we find that the following 
general conditions rule: 


(1) Engines in marine service are required to work 
for long periods at a fairly constant load, gen- 
erally about three-quarters load, giving cond!- 
tions in which the best total economy of fuel 
consumption, fixed charges and wages prevails. 
Conservation of cargo space is more important 
than weight, and flexibility is of minor impor- 
tance. Waste-heat dissipation to the conveyor 
waterway is easy, and the same men both op- 
erate and maintain the equipment. The need is 
best met by the heavy-duty high-compression 
oil-engine. 

(2) Primary requirements of automobiles for high- 
way service are light weight and flexibility. 
The engine must operate a greater part of the 
time at speeds and torques far below the max- 
imum, must be capable of maximum torque at 
low speed in hilly country and be suitable for 
bursts of speed where traffic conditions permit. 
Waste heat must be dissipated to the air, 
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usually through a water-jacket and radiator 
sufficient to take care of low-speed work. The 
automobile type of gasoline engine has been 
highly developed to fit these particular needs. 

(3) The primary consideration in aircraft is the com- 
bined weight of the engine and the fuel supply. 
The engine must run constantly at full speed 
and full load; flexibility is of little importance; 
and conditions are ideal for direct air-cooling 
of the cylinders. The operating and mainte 
nance personnel is recruited from young men 
with open minds, who can quickly learn the 
handling of any particular type of apparatus. 
These requirements probably will be met by 
the light-weight air-cooled high-compression 
solid-injection oil-engine. 

(4) Engines for railway service must be durable and 
simple; weight per horsepower is important; 
and flexibility must be combined with ability to 
operate continuously at full load and full speed. 
The operating and maintenance forces are sep- 
arate, and the maintenance men must be re- 
cruited from steam-locomotive mechanics, in 
most cases working part time on steam equip- 
ment and part time on the internal-combustion 
engines. These requirements indicate the ap- 
plication of a special design of heavy-duty gaso- 
line-engine. The item of fuel cost is small in 
comparison with wages and fixed charges, in 
the operation of small rail-cars; but, as the size 
and capacity of the equipment increase, the 
fuel cost becomes a larger percentage of the 
total operating cost, and it is wise to look for 
a fuel that is cheaper than gasoline and will 
retain all the advantages of the gasoline en- 
gine. 


A sound technical foundation for any development is 
valueless unless supported by commercial considerations 
that make the development worth while; therefore, we 
shall survey the petroleum industry to determine the 
availability of distillate. 


Economics Governs Refining of Crude Oj] 


Crude petroleum, as taken from the ground, is not 
a simple unit of raw material from which any given 
finished product can be manufactured, with a fixed line 
of by-products and wastes; instead, it consists of a 
large number of distinct chemical combinations which 
can be separated into groups and reblended to make 
up a vast number of finished products, each having a 
commercial use. The chemical combinations themselves 
can be broken up and recombined as new substances, 
like or unlike other combinations which existed in the 
original crude. The percentage of a certain finished 
product and the quantity and character of the by-prod- 
ucts from the raw material are not so much a question 
of technical possibility as of the cost of manufacture 
and relative marketability and price of the 
product and by-products. 

The first step in the manufacture of crude petroleum 
into any desired product is the division of the crude 
into fractions. The fractions can be made so small in 
the experimental laboratory that all the molecules in a 
particular fraction are alike. These may be designated 
as chemical fractions. In the commercial refinery, the 
fractions are not so small, and each commercial frac- 
tion contains many chemical fractions. The chemical 
fractions themselves can be broken up by further treat- 
ment, the groups of atoms comprising the molecules 
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of the fraction being separated and regrouped to make 
new molecules of substances quite unlike the original 
chemical fractions. This is the process generally known 
as cracking. The practical limitations of the cracking 
process come when the cost of the material and treat- 
ment exceeds the commercial value of the products and 
by-products. 

The lighter fractions of petroleum, in general, consist 
of molecules which are small tight groups of a small 
number of atoms, while the heavier fractions consist 
of molecules which are large loosely connected groups 
of many atoms. The larger groups break up and re- 
combine under less expensive treatment than do the 
smaller ones. This leads to the general statement that 
cracking processes on heavy fractions are less costly 
than those on light fractions. 

The ruling demand on the petroleum industry now 
is for gasoline, and refinery methods are developed that 
tend toward the conversion into gasoline, at a reason- 
able cost, of as high a percentage of the crude as 
may be. I shall outline one method that is typical of 
the many methods of gasoline production that are in 
use. 

A Typical Method of Gasoline Production 


Distillation divides the crude into three light frac- 
tions: gasoline, naphtha and kerosene; and two heavy 
fractions: gas oil and fuel oil. The three light frac- 
tions are fairly stable compounds, difficult to‘change in 
nature by cracking or other processes, and readily mar- 
ketable; therefore they are not often altered before 
being sold, except by cleaning and clarifying. The two 
heavy fractions, gas-oil and fuel oil, are of uncertain 
market value and are readily subdivided and converted 
into a wide range of products. Division makes of these 
two fractions everything from light Diesel-oil to coke, 
including the lubricating oils, heavy fuel-oils and road 
oils. Moreover, either of these two fractions can be 
converted by cracking into what might be called a syn- 
thetic crude, containing the physical counterparts of 
each fraction in the original crude. The chemical struc- 
ture of the fractions is, however, slightly altered. The 
less marketable one of these two heavy fractions, and 
sometimes both of them, is commonly cracked so as 
to recover more gasoline. 

In the cracking process, the cracking stock is simul- 
taneously converted and divided into two fractions com- 
monly known as pressure benzine and residue. The 
residue is either recycled through the cracking plant 
or blended with heavy fuel-oil for the market. The 
pressure benzine, which contains the gasoline and a few 
heavier compounds, is diverted and run through an 
ordinary still that divides it into gasoline and pressure- 
distillate bottoms. The gasoline obtained in this way 
is a high-grade product having antiknock properties 
that make it specially valuable in modern high-com- 
pression automobile engines. 


Distillate a By-Product of Cracking 


The remaining pressure-distillate bottoms is a step- 
child in the petroleum industry. It is not good kero- 
sene, as it will not burn on a wick. It is not good 
cracking stock, as it requires high pressure and tem- 
perature for conversion and then yields only a small 
percentage of heavy gasoline, which must be blended 
with casinghead gasoline to be salable. A desire to 
create a market for this by-product underlies the recent 


TABLE 1—PROBABLE COMPARATIVE PRICES OF GASOLINE AND 
DISTILLATE AT THE REFINERY, IN CENTS 


Gasoline 4 10 11 12 13 14 
Distillate 3.35 4.00 4.70 5.40 6.00 6.65 
Gasoline 15 16 17 18 19 20 
Distillate 


7.30 8.00 865 9.30 10.00 10.65 





attempt by various oil companies to promote the sale 
of certain types of house-heating equipment. This 
promotion has not been particularly successful, and 
the pressure-distillate bottoms is now commonly dis- 
posed of by running it into the steam fuel-oil. 

Pressure-distillate bottoms from different refineries 
varies somewhat in volatility. It contains all of those 
fractions of the pressure benzine that have boiling- 
points higher than the end-point of gasoline, and usual- 
ly contains also a small percentage of the heavier end 
of the gasoline. The end-point of pressure-distillate 
bottoms is from 550 to 700 deg. fahr., depending on 
the method used to produce the pressure benzine. That 
with an end-point of 600 deg. fahr. or less can be 
used as fuel in specially designed engines for rail-cars. 
If the end-point is higher, it is necessary to re-run the 
bottoms to remove the heavy end and produce a good 
engine-fuel. All of this material that will boil off at 
600 deg. fahr. is now generally known as distillate. 

This distillate, made from pressure-distillate bot- 
toms, is rapidly coming into general use as a fuel for 
engines in railroad equipment. Its physical properties 
are similar to those of kerosene, but its chemical struc- 
ture is different because of the inclusion in the distillate 
of a high percentage of unsaturated hydrocarbons, 
which make it an unsatisfactory substitute for kerosene 
for most purposes. However, the unsaturates are an 
important factor in making distillate a suitable fuel 
for properly designed rail-car engines, as they prevent 
the knocking that is common in kerosene-burning en- 
gines. 

This is a technical reason for developing rail-car 
engines that will use distillate as fuel. The commer- 
cial reason is the vast available supply of such a low- 
priced fuel. A survey of the refineries in any oil-pro- 
ducing district shows a large capacity in low-pressure 
cracking plants. Nine per cent of the rated capacity of 
these plants may be taken as representing the potential 
supply of distillate from a given district. The dis- 
tillate is actually made every day, although it is often 
run off to the most convenient outlet, usually into steam 
fuel-oil, because of its poor market. 


Distillate Costs Much Less than Gasoline 


Very high-pressure cracking plants in some districts 
so remote from oil-producing territory that freight 
rates make the price of crude oil high are used to pro- 
duce the maximum quantity of gasoline from fhe mini- 
mum of crude. Distillate does not appear as a separate 
product of these plants but is recycled through the 
cracking still. However, economy in production can be 
obtained, even in these plants, by drawing off the dis- 
tillate when any market can be found for it. 

One oil-refining company, operating a chain of re-, 
fineries through the Midcontinent and Rocky Mountain 
oil-fields, is quoting refinery prices on distillate of 
3 cents per gal. in Texas, 344 to 334 cents in Oklahoma, 
4 cents in Kansas and 4'% cents in Wyoming, against a 


(Concluded on page 514) 
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NLY through reduction of the cost of distribution 

can industry engage profitably in the ever-increas- 
ing and highly competitive markets, according to the 
author. Taking into consideration the huge invest- 
ment and the tremendous yearly aggregate cost in- 
volved, he states that motor-truck operation becomes 
a major cost of distribution and a potent factor con- 
trolling the margin of profit. Therefore, business sci- 
ence must be applied to motor-truck operation so as to 
coordinate all-engineering effort for maximum control 
and economy, and chief executives can no longer af- 
ford to slight their motor transportation and ignore 
its potentialities by treating it, as they are doing, in 
a diffident manner. 

The person responsible for the transportation ser- 
vice should report directly to the chief executive and 
be granted the same unbiased and impartial consid- 
eration as is extended to the heads of other depart- 
ments, in the opinion of the author. The successful 
superintendents of fleets have had to assume the re- 
sponsibilities inherent to the business man, as well as 
the duties of an engineer. Their experiences broaden 


USINESS science must be applied to motor-truck 

operation so as to coordinate all engineering 

effort for maximum control and economy. The 
efficiency of big-business combinations and of large- 
scale production has reduced manufacturing cost to the 
minimum, and the outstanding problem now confront- 
ing industry is the staggering distribution cost. -Only 
through reduction of the distribution cost can indus- 
try engage profitably in the ever-increasing and highly 
competitive markets. 

Taking into consideration the huge investment and 
the tremendous yearly aggregate cost involved, motor- 
truck operation becomes a major cost of distribution 
and a most potent factor controlling the margin of 
profit; therefore, chief executives can no longer afford 
to slight their motor-transportation and ignore its 
potentialities by treating it, as they are doing, in a 
difident manner. Under the pressure of guiding their 
large enterprises successfully, captains of big business 
fail to give their motor transportation the same in- 
tensive coysistent control that they exercise over every 
other department of their business, because the habit 
of thought in the past has been to look upon trans- 
portation costs as a necessary and unavoidable evil. 
Modern conditions have made this confession of unwar- 
ranted helplessness. unnecessary; it no longer need be 
true. 

-One of the great factors in speeding up distribution 
and reducing its costs is the motor-truck. Heads of 
industry too often overlook and neglect this major 
factor, which contributes so much to a more certain ar- 


1 President, Mallouf Haulage & Maintenance Co., Long Island 
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their outlook on the business and result in knowledge 
based upon a far wider scope of observations than 
those of the average head of a department. In con- 
clusion, the subjects of adequate cost-accounting, edu- 
cational propaganda to secure proper control, and the 
intensive study of basic causes that are largely re 
sponsible for hidden costs are considered. 

The question of what constitutes the correct basis 
for depreciation of motor-vehicle equipment is debated 
during the course of the discussion. The need for men 
who thoroughly understand the scientific application of 
motor-transport to hauling problems is stressed. It 
is stated that a major object of depreciation charge 
is to enable a decision to be made as to the time 
when getting rid of motor-vehicle equipment becomes 
worthwhile, and that engineers should not arbitrarily 
take a definite period of life of the equipment and 
depreciate it constantly on that basis. In conclusion, 
distribution is said to be the bridge that must carry 
production over the chasm of loss to profit, and the 
motor-truck to be the keystone of the arch on which 
the strength of the bridge depends. 


rival at the ultimate port of profit. These able execu- 
tives have been led to believe that control of motor-truck 
operation is purely a mechanical problem. They admit 
its importance but doubt that the results desired can 
ever be controlled as they have learned to control the 
other and older departments of their business. But it 
has been demonstrated in many cases that, when consid- 
ered from a commercial aspect, motor-truck operation 
can be put on the same easily comprehended and well 
understood basis, and under the same regular supervis- 
ion, aS can purchasing, accounting, manufacturing or 
selling, or any other department in which profitable 
methods of control have been achieved through years 
of experience. 


Transportation Should Not Occupy a Subordinate 
Position 

Subordinating this indispensable transportation ser- 
vice to a position below that of a separate business or 
department manifestly would be at variance with good 
business administration. The person responsible for it 
should report directly to the chief executive and be 
granted the same unbiased and impartial consideration 
as is extended to the heads of other departments. The 
successful superintendents and operators of fleets have 
graduated from the pioneering stage and today are 
holding man-size jobs; they possess not only technical 
knowledge but, what is more important, exceptional bus- 
iness ability. In the positions they occupy they have had 
to assume the responsibilities inherent to the business 
man as well as the duties of an engineer. The experi- 
ences they have in dealing directly with the various de- 
partments and divisions of the companies they serve 
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necessarily broadens their outlook on the business and 
results in knowledge based upon a far wider scope of 
observations than those of the average head of a de- 
partment. 

Neither the utmost economy nor the great potential- 
ities of the modern motor-truck will ever be realized 
until motor transportation is fully recognized as a sep- 
arate and distinct business standing on its own feet 
and guided by a profit-and-loss statement. Industries 
should organize their motor-transportation departments 
as subsidiary companies or else purchase transporta- 
tion service on a contract basis from an independent 
company of competent business specialists in motor 
transportation. The definite segregation of costs by 
this method enables the company to obtain information 
which can be used on a comparative basis in an en- 
deavor to learn the true factors entering into its trans- 
portation costs and the relation of one to the other. 
This method will also place the company in a position 
in which its own costs can be used in a competitive 
manner against other methods of transportation, 
whether under its own control or under the manage- 
ment of contractors who serve it. 


Human Engineering a Requisite 


Motor-truck operation must be 
modern and completely organized as 
a business to serve adequately the 
requirements of modern distribution 
and thus fill its place as an essential 
part of the business. In the field 
of motor transportation, human engi- 
neering is the outstanding requisite 
for producing maximum man-effort 
in the interest of economy and ser- 
vice. From the executive head down 
to the mechanic and the driver, there 
must be coordination, each man un- 
dertaking the phase of work for 
which he is a qualified specialist. 
Organized understanding and appre- 
ciation of the customers’ problems 
relative to sales policies and compe- 
tition are indispensable. 

We should not underestimate the 
important influence that sustained 
dissemination of educational propa- 
ganda plays in bringing about proper control, because 
physical ownership of equipment, alone, does not neces- 
sarily mean proper control. For instance, it is unani- 
mously conceded that the driver holds the most strate- 
gical position controlling truck costs and service and, 
frequently, can make or break the public’s good-will 
toward the firm that employs him. Therefore, it ob- 
viously is necessary that a sustained educational pres- 
sure should be directed toward him and other employes 
with respect to their duties to the company’s equipment, 
to public safety and to customers. 

A motor-transportation superintendent must possess 
years of experience. Exact knowledge is imperative 
and, like all modern successful business men, he must 
concentrate not on theories but on facts of proved value 
and on objectives that count. These objectives are’con- 
trolling and reducing to the minimum the transporta- 
tion costs of each unit of merchandise, whether it be a 
gallon, a package, or 100 pounds of a commodity. He 
must assume the position of a watch-dog of all such 
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unit costs, whether the transportation is done by his 
own or by outside equipment. An unorganized general 
movement to that end offers no assurance of touching 
such points as require the most immediate attention. 
Cost prevention requires intensive concentration 
through the knowledge of basic causes. These basic 
causes are: largely responsible for hidden costs that 
constitute a burden common to all industry. 


Adequate Cost-Keeping Necessary 


A great aid in spot-lighting the weak points is a 
cost-record system that will tie up with the books of 
account. Such records need not be intricate or numer- 
ous, but they will be useless unless they are studied 
daily and the information gained thereby utilized by 
all the responsible individuals. Special clerks should 
be employed for segregating cost records, and these 
men must possess a certain amount of knowledge con- 
cerning the operations reflected in the figures. Such a 
system of cost records must be capable of and be used 
for the purpose of retaining the individual identity of 
each unit and each employe responsible for costs. It 

‘ should reflect figures in a form that 
is in effect a photograph of each and 
every driver and mechanic. Such 
means stimulates and arouses incenr 
tive on the part of all concerned in 
behalf of economy, and results in a 
smaller number of trucks and men 
for a given amount of work. 


A Motor-Transportation Manual 


In keeping with the practice of 
bringing about coordination through 
team-work and a centralization of 
responsibilities, many large com- 
panies and also the railroads utilize 
a manual prepared by the manage- 
ment. The manual, which is dis- 
tributed among the heads of the va- 
rious departments and other em- 
ployes, explains the functions and 
duties of all workers and their rela- 
tions to one another. Thus, depar- 
tures from the manual are imme- 
diately known and charged against 
the individual responsible, thereby 
reducing the probability of repetition of the same of- 
fense. But such manuals do not take motor transporta- 
tion into consideration, although such an omission is 
exceedingly harmful to the business and causes chaotic 
conditions to exist in the motor-truck department. 
Motor transportation, as a department or as a business, 
is entitled to have a complete manual covering all duties 
and operation methods if the same high degree of skill 
and knowledge is expected and demanded from the 
executives and employes as is required of similar work- 
ers engaged in the railroad or any other forms of trans- 
portation business. 


Proper Supervision Entails Adequate Authority 


For the last 15 years or more, whenever motor-truck 
operation was discussed, such discussions have been re- 
stricted largely to mechanical problems relating to 
standardization, maintenance, unit-repair system, parts, 
truck-manufacturers’ service, required size and type of 
equipment and the like, until today the pioneer oper- 
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ators and maintenance men are generally equipped with 
such information and are in danger of being over- 
developed on that side to the exclusion of the business 
side. When large gatherings of such men are held, it 
is generally predicted and anticipated that they are to 
listen to the same old story told in a somewhat differ- 
ent way. They are not unmindful of the value and 
importance of such information, but realize that this 
mechanical question has ceased to be a real problem. 
Such men have long since realized, much to their sor- 
row, that they are filling positions that are underpaid 
and that the job is a thankless one. Their main and 
outstanding problem is to obtain the right sort of recog- 
nition and get for their department the earned respect 
it deserves. They are craving for the cooperation of 
the chief executive so that they can hold to the mini- 
mum the costs of operation; but this they cannot do 
except by acquiring sufficient authority to make the 
influence of their ability felt, and this authority they 
are entitled to have and to hold. 

The human element in such an exacting business of 
service as this cannot possibly be ignored, and the treat- 
ment and sort of recognition given to its chief super- 
visor is reflected in the morale and efficiency of his 
entire organization. Thousands of trucks are daily 
being operated whose drivers are employed and dis- 
charged by individuals other than those in charge of 
maintenance and operation. Notwithstanding this sit- 
uation, those in charge of maintenance and operation 
are held responsible for all costs of the vehicles. How 
can costs obtained under these conditions be a guide 
if the burden of cost reduction is imposed upon a motor- 
transportation superintendent having no jurisdiction 
over drivers, despite their influence on the cost of opera- 
tion of the trucks; and, equally important, having no 
jurisdiction over the dispatching and routing of the 
equipment? 


Methods To Be Avoided 


We all know that there are drivers who operate 
similar trucks under similar conditions for the same 
company and whose trucks frequently will run for two 
and three years without a major overhaul, as compared 
with the drivers whose trucks require almost a yearly 
overhauling. Under such conditions, would it not be 
better to figure on man-mileage cost instead of on truck- 
mileage cost? The human element is the most impor- 
tant, and only under business organization can this 
human element be directed and controlled in harmony 
with business science. 

Some examples of how not to operate a motor-trans- 
portation department are as follows: The management 
of a certain company in New York City which operates 
a fleet of 30 trucks was elated because the accountants 
found that the average cost per day per truck for a 
5-ton type was $16. An outside contractor who bid 
on this work questioned this cost and made a survey. 
He found that five of the trucks were inoperative be- 
cause of age and the removal of parts, but that they 
still were covered with full insurance and had current 
license plates. This brought the cost per day per truck 
actually working up to $19.20. It also was discovered 
that the average mileage of the working trucks was 20 
miles per day and, on still further investigation, that 
the average number of trips for all the trucks was 1!» 


2M.S.A.E.—-Engineer, Fruehauf Trailer Co,., Detroit 


per day. The contractor, on demonstration, easily aver- 
aged more than two trips per day for a few trucks 
which he placed in the service. This in turn brought 
to light the fact that a condition of almost complete 
ignorance existed in this company with regard both 
to actual cost and particularly to the fundamentals of 
routing and dispatching. The company from then on 
improved its operation tremendously, and the major 
part of the work is now being done by hired trucks on 
a weight basis. 

Another company has at least 15 per cent of its equip- 
ment idle because of obsolescence, but this equipment is 
counted in with the working trucks and the total is 
then used as a divisor for arriving at a general average 
maintenance cost per truck per year. This company, 
having branches in various territories, supplied each 
branch with the number of trucks required for daily 
use as requested by the branch manager. The main- 
tenance cost of these trucks was charged to the branches 
at a rate arrived at by the foregoing method. The total 
operating cost of the trucks in each branch, including 
this erroneous maintenance charge, was then divided by 
the total number of units delivered to determine a unit 
cost. This unit-cost figure is obviously incorrect but 
is complacently accepted by the management of the com- 
pany. 

Such operations as the foregoing are not in accord 
with good business science, yet we see on all sides 
large truck operations being conducted in like manner, 
although they are subsidiary to the main business they 
serve. Engineers could not design motor-trucks by any 
methods comparable to these and expect the vehicles 
to give a good account of themselves in service; nor 
could business men in direct control of their business, 
particularly if their whole income is derived from 
truck rentals, manage their affairs in any such way 
and have their business survive. 

What is the solution? The engineer has applied the 
science of mechanical engineering and metallurgy to 
the designing and building of his trucks, and so like- 
wise must the operator of motor-trucks apply the 
science of his profession, business science, to his opera- 
tions if he ever hopes to reach the pinnacle that it is 
possible for him to reach. Trucks designed, constructed 
and operated scientifically constitute the solution, and 
there is no more suitable body than the Society of 
Automotive Engineers for bringing about this much- 
desired result, nor has any other organization so good 
an opportunity. 


THE DISCUSSION 


WALTER G. RETZLAFF’:—What is the correct basis 
for charging depreciation of motor-vehicle equipment? 
Some truck owners depreciate on the basis of two years 
in long-distance hauling; others, apparently in the same 
line of business, depreciate on the basis of seven years. 
This results in rather unfair competition. 

NATHANIEL MALLOUF:—Depreciation is contingent 
upon the methods employed by the business executives 
of the organization the truck is serving. I believe we 
do not yet know positively what the best method is. 
The policy of adequate maintenance is the best basis 
for determining suitable depreciation. Some owners 
do not believe in rebuilding equipment, preferring to 
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operate the vehicles for say two to four years and then 
to turn them in to the manufacturer. Others prefer to 
retain and rebuild old equipment, or to farm out this 
rebuilding work, and find that the cost is lower over a 
period of years than if they traded-in the vehicles. 
Strenuous conditions of service imposed by continuous 
night-and-day work may warrant the trading-in of 
equipment every year or so. It is a complicated subject. 

We depreciate equipment on a 20-per cent basis, cred- 
iting the capital account for this depreciation and in- 
cluding the replacement of major parts and the cost 
of labor for rebuilding and for parts replacement. This 
does not include items such as spark-plugs and brake- 
lining, but does include anything that tends to lengthen 


the life of the vehicle, which is kept in a certain stand-- 


ard condition for service and thus is capitalized. If a 
second-hand truck were bought at market value, that 
cost, plus a cost that would be necessary to condition 
the truck mechanically to meet the requirements of ser- 
vice of a high standard, would represent the value of 
that truck. Owners who say they prefer to buy an old 
truck because it is cheaper fail to consider that to re- 
condition the vehicle to the standard their business 
requires probably necessitates a considerable expense 
to improve its appearance as well as to recondition it 
mechanically. 


Factors of Depreciation 


M. C. HorINeE’:—Transportation is the basis of all 
industry. The main point of the paper is that users of 
motor-trucks will not realize that their nominal busi- 
ness is really incidental to the great business of dis- 
tribution. That is a platitude, but it needs continual 
repetition. 

Mr. Mallouf’s analyses of the factors of depreciation 
are good so far as they go, but other factors should be 
added. Factors which should determine the correct 
method and rate of depreciation of the motor-truck are, 
as cited in the paper, the methods of operation and the 
policy of maintenance; but to these I would add the 
conditions under which the trucks are operated—high- 
way and traffic conditions, and the character of con- 
struction of the vehicles—because it obviously is absurd 
to expect all vehicles to depreciate at a flat rate. The 
factor of obsolescence also must be included, and this 
involves the class of business in which the truck is 
operated. In some classes of business obsolescence plays 
no part. For example, I know of fleets composed of 
large numbers of heavy trucks that have been in opera- 
tion for 10 years and more and whose operators claim 
that their oldest vehicles cost them less per ton mile 
than any others. One large organization has not bought 
a motor-truck in five years. 

Depreciation is a purely artificial factor which enters 
into accounting, but I believe it should not be considered 
in the same way in cost keeping. Cost keeping is not 
cost accounting, and the former term should not be 
confused with the latter. Cost keeping is designed to 
obtain a true comparative picture between vehicles, 
operations and operators; cost accounting is concerned 
with the balance sheet in terms of dollars and cents. 

The method of handling depreciation outlined by Mr. 
Mallouf and used in his operations is without doubt 
the best method for his particular business conditions, 
but I do not believe he means to recommend that method 
as being adapted to all business conditions. As I un- 


3M.S.A.E.—Manager, sales promotion department, International] 
Motor Co., Long Island City, N. Y. 


derstand it, the process is one of assumption and cor- 
rection, assuming a 20-per cent average and making 
corrections as obtained from experience. It is a trial- 
and-error method, and that is the only true method 
by which exact information can be obtained. But, if 
I were to advise the motor-truck operator regarding 
how to handle the item of depreciation, I should tell 
him to avoid any preconceived notions or any attempt 
to reach a uniform or standardized method, because de- 
preciation is one factor that cannot be handled in that 
way. 

One of the great dangers in considering cost is in- 
dicated by some of the examples cited by Mr. Mallouf, 
such aS averaging costs over an entire fleet. Such a 
method averages the good with the bad, which results 
in a figure having very little value. The object of a 
cost-keeping system is to determine the “leaks” and 
the opportunities for improvement, and this requires 
individual treatment in each case. 


Better Understanding of Operators’ Problems Needed 


Mr. MALLOUF:—I agree with almost all that Mr. 
Horine has said, but I wish to emphasize the necessity 
for trying to obtain a better understanding of the prob- 
lems of motor-truck operators on the part of others. 
The manufacturer suffers considerably from this lack 
of understanding, and so do the chief executives of the 
operating company. The manufacturer sells trucks to an 
operator who uses them successfully and compliments 
the manufacturer on his service and on the quality of 
his product; but, as time passes, although he still seems 
satisfied with this make of truck, when the time comes. 
for him to buy, he buys another make. His excuse is 
that motor-truck operation for the last year has been 
rather costly and that the decision has been made to 
try another make of truck. 

No operator seems to be satisfied with any particular 
make of truck. Operators talk of standardizing the 
vehicles, yet many large operators are operating various 
makes of truck to try them out. In truth, they do not 
know how much a certain make is costing them per 
pound of commodity handled as compared with the cost 
when using some other make of truck. They classify 
the vehicles as 5-ton trucks. Some trucks perhaps show 
a greater cost per truck, but a less cost per unit of 
commodity delivered. A cost record which shows the 
cost per truck does not indicate how much it costs to 
deliver a unit of commodity. The question resolves 
itself into a purely business proposition which requires 
experience, wisdom and judgment, because the operator 
is always choosing the lesser of two evils and one cannot 
go by the book in deciding which of these to accept. The 
choice must be made as a result of experience, because 
a constant effort must be made to conform to the in- 
equalities of the business served. The conditions of 
service may be obsolete in that the loading platforms 
may be antiquated or the warehouse unsuitable, and the 
human element in the personnel, including the manager, 
superintendent, drivers, and mechanics, is a large factor 
in determining whether the cost of operation will be re- 
duced or be increased to such an extent that it be- 
comes almost prohibitive. 

Engineering relating to this human factor is as nec- 
essary as is the engineering of the truck chassis, and 
the engineering of the former is so far behind the 
engineering of the latter that I emphasize again the 
necessity for a better appreciation of the business 
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phases. The human engineering involved in every busi- 


ness seems to be the last subject discussed. Is it. 
therefore, any wonderthat the truck manufacturer is 
losing repeat-order.business and that the user is com- 
plaining? I havé known operators who take plenty of 
time for purchasing trucks and spend much money for 
equipment; yet they spend far more money each year 
for nraintenance of these vehicles than they paid origin- 
ally for the vehicles, and they hold no one particularly 
responsible for that expenditure. 


Subsidiary-Company or Contract Operation 


R. E. PLIMPTON’:—Has any large number of in- 
dividual owners of motor-trucks organized transporta- 
tion service as a subsidiary company or purchased 
transportation on a contract basis from an independent 
company? How large must a fleet of trucks be before 
an individual owner can afford to organize a subsidiary 
company? With fewer trucks in the fleet, does Mr. 
Mallouf recommend that the operation of the truck be 
farmed out? 

Mr. MALLOUF:—The large-scale operator is logically 
the one to treat his motor-truck transportation as a 
subsidiary company or as a separate department. Some 
operators organize on a subsidiary-company basis for 
reasons additional to those I have mentioned; insur- 
ance, labor, and other items are factors. 

Farming out the operation to a contractor does not 
at all relieve the owner company of the responsibility 
of employing someone who possesses a knowledge of 
motor transportation, because supervision of the con- 

_ tractor is needed so that the company may know that 
his work is being done well and at a suitable price for 
the service rendered. The charges on our weekly bills 
to customers .are accurate; the customers know what 
they are being charged for, because we use a simple 
system. It is so simple that two bookkeepers and a 
stenographer are taking care of the entire business and 
we know exactly what it costs. With such a small 
overhead the customers can be in a position to have an 
exact knowledge of what the service is costing them. 

The opportunities for advancement in transportation 
will never be realized fully until cost keeping is put on a 
similar basis with that of cost accounting as applied to 
any other business. I can see no objection to that. It 
will be helpful to the manufacturer, the user, and those 
who buy transportation. 


Economical Haulage Requires Business Knowledge 


F. C. HoORNER’:—The subject of successful motor 
transportation resolves itself into the scientific applica- 
tion of the motor-vehicle to various kinds of haulage 
problems. If we use scientific operation methods, we 
must use common-sense business methods. As Mr. 
Mallouf has said, the cost per unit of handling the 
product must be calculated and we must not stop after 
ascertaining the actual cost of operating the vehicle. 
It is a transportation service. What does it cost the 
owner to transport a certain commodity from point A 
to point B? There are four major factors in each 
hauling problem: the load, the haul, the loading and 
the unloading. 

4M.S.A.E.—Associate editor, Bus Transportation, McGraw-Hill 


Publishing Co., Inc., Chicago. 

5 M.S.A.—.—Assistant to vice-president, 
New York City. 
6 Jun.S.A.E.- 
Ways, State of 


General Motors Corp., 
Assistant equipment engineer, Department of High- 
Pennsylvania, Harrisburg. 





‘only beginning to move 


[ frequently advise the young men. who, after being 
graduated from the transportation-engineering courses 
in our colleges, come to me about jobs in the motor- 
transport field, to the effect that the big opportunity 
is in the application end of the business. We can get 
mechanics, designers and men who are thoroughly 
familiar with materials and construction; but few men 
of whom I know understand the scientific application 
of motor transport to hauling problems whether con- 
nected with motorcoaches or motor-trucks. A man 
needs wide experience and must have been a real stu- 
dent of the business before he can haul sand or gravel 
or merchandise in an economical way, make.a profit for 
himself, and do a good job for the customer. We are 
freight by motor transport 
and it is high time that we placed motor transport on 
a businesslike basis. 


Sliding Scale of Depreciation 


RALPH BAGGALEY, JR.":—If an owner depreciates his 
trucks uniformly on a five-year basis at 20 per cent per 
year, since the repair bill for the first year of opera- 
tion will be considerably less than those for the third 
and fourth years, the total cost per mile, including 
depreciation, will be abnormally high in the later years 
of the life of the vehicle. This results from the as- 
sumption of a uniform depreciation of 20 per cent per 
year, which is contrary to the used-car-market valua- 
tions. For this reason we use a sliding scale of depre- 
ciation which we believe conforms in a general way to 
used-car-market valuations. Our depreciation on trucks 
is 30 per cent the first year, 20 per cent the second, 
15 per cent the third, and 10 per cent the fourth and 
the fifth years. This reduces the value of the trucks 
to 15 per cent of their original valuation at the end 
of five years, at which time we consider that the trucks 
incur no further depreciation due to age. We con- 
sider mechanical condition as well as age throughout 
the entire life of our vehicles in arriving at their in- 
ventory value, calculating that the truck in average 
condition is worth what our depreciation schedule in- 
dicates, that the truck in poor condition is worth 10 
per cent less, and that the truck in excellent condition 
is worth 10 per cent more than the average-condition 
valuation. 

Mr. MALLOUF :—A large department store had a com- 
petent man in charge of its motor-vehicle equipment 
who spent an entire year rebuliding this equipment at 
considerable expense. The management asks few ques- 
tions and bases its opinion solely on the facts as pre- 
sented annually. Its depreciation charges are on a 
five-year basis. At the end of the year the statement 
showed that transportation costs had become very high, 
and the company replaced its superintendent of trans- 
portation with a man who recommended trading-in 
almost 50 per cent of the equipment for new vehicles. 
This was done and at the end of the following year 
the contrast between the costs of the last two years 
was so great that the new superintendent was given 
considerable credit for knowing how to operate and 
maintain the vehicles. The company overlooked the 
fact that it had bought new equipment. It merely 
considered that it had a certain number of trucks which 
cost a certain amount per truck under the new super- 
intendent’s administration. If depreciation had been 
calculated on a basis of 40 per cent the first year and 
had been reduced each succeeding year, the new super- 
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intendent probably would have made the same showing 
that the former superintendent made with the old 
equipment. This is an illustration of the necessity for 
segregating the transportation from the other divisions 
of the organization and operating it as a separate 
department with its own department head who knows 
the ins and outs inherent in any business. When the 
total costs are presented to someone who sees them 
only once a year, he is likely to condemn a very efficient 
organization that is trying to save the firm a great 
deal of money. 


Major Object of Depreciation Charge 


EDWARD P. WARNER :—The problem of depreciation 
is not monopolized by motor-truck operators. It exists 
throughout industry and applies also to airplanes, to 
locomotives, and to buildings and factory equipment. 
Everything depreciates, and in all these fields depre- 
ciation is frequently being handled in a way that is 
wholly fallacious. Depreciation might frequently be 
defined as a fictitious quantity introduced by the ac- 
countant to avoid discontinuity in bookkeeping. I 
believe that there is only one logical basis of approach, 
and I supposed that this was taken for granted; but 
the fact that Mr. Baggaley spoke against the constant 
basis of depreciation indicates that it is not. 

A major object of depreciation charge is to enable 
a decision to be made as to the time when getting rid 
of the equipment becomes worthwhile. We should not 
arbitrarily take a definite period of life of the equip- 
ment and depreciate it constantly on that basis. We 
should find out what the depreciation is year by year 
and use that as a basis for an economic analysis that 
will show when to make a change. If that is done, 
the only logical procedure is to depreciate in propor- 
tion with the resale value, either for continued use for 
the same purpose or as junk or for some other service. 

If a truck actually can be disposed of at the end of 
the first year, by trade-in or by direct sale, for only 
50 per cent of its original cost, which I suppose would 
correspond roughly with passenger-car depreciation, 
then 50 per cent should be deducted the first year even 
if only 5 or 10 per cent is deducted for depreciation 
for each of the years following. If we should adopt 
the practice of constant depreciation-rate, I think it 
would be found in many instances in truck operation 
that analysis would indicate it to be most economical 
to dispose of the equipment at the end of about a 
year or, at most, two years. But it does not work 
out that way in practice, because we cannot actually 
sell the equipment or get rid of it for the depreciation- 
figure value, which is purely fictitious. Depreciation 
treated in that way may be useful to the accountant, 
but I believe it is not worthwhile to the operator unless 
it represents at each moment the actual value of the 
vehicle for conversion into cash. 

Mr. BAGGALEY, JR.:—An additional importance at- 
taches to depreciation other than the mere approxima- 
tion of the resale value of a piece of equipment. It is 
that the repair cost per mile, plus the depreciation cost 
per mile, should be somewhat constant for any given 
vehicle throughout its economic life as nearly as that 
can be estimated in advance. In other words, during 


7 M.S.A.E.—Editor, Aviation, McGraw-Hill Publishing Co., Inc., 
New York City 


® Passenger-traffic manager, Boston & Maine Railway, Boston. 
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the first year the depreciation schedule should be high 
because it is known that the repair cost per mile will 
be low; whereas, during say the third year of the life 
of a truck, it is known that the repairs will be heavier 
and, therefore, the depreciation per mile should be less. 
Further, it happens that this smaller depreciation rate 
during the third year will indicate an approximate 
resale value of the vehicle; but, unless the repair and 
the depreciation cost per mile are somewhat constant 
during the life of the vehicle, the cost per mile for any 
given vehicle will vary so widely throughout the years 
of its life that those who look at the operating figures 
will be misled, as in the case cited by Mr. Mallouf. 


Sliding-Scale Basis Serves Two Purposes 


CHAIRMAN H. F. FRITCH’:—Why should not depre- 
ciation and maintenance costs show on the books and 
represent the true condition rather than tend toward 
showing an artificial figure which, as intimated by Mr. 
Warner, is perhaps desired by the accountant for 
purposes of uniformity and continuity? 

Mr. BAGGALEY, JR.:—It happens that, when using a 
sliding-scale depreciation, an approximation of the re- 
sale value is obtained and one has the additional ad- 
vantage of obtaining a real cost per mile throughout 
the various years of life of the vehicle. In other words, 
if the sliding-scale depreciation is correct for obtaining 
inventory valuation, it is correct for cost-per-mile rec- 
ords, since the two are interdependent. We find that 
it works out that way in our operations. 

Mr. WARNER:—Is the sliding-scale depreciation prac- 
tice commonly followed by or recommended among 
truck operators? It seems to me that it again places 
depreciation in the réle of being purely fictitious; that 
is, as something that one introduces to make the answer 
come out right, or as a figure that is controlled so that 
it may add up with something else and make a con- 
stant. I think the object of the depreciation charge 
is to serve as a factor in that summation with the 
ultimate goal of determining the point at which the 
total cost per mile begins to increase sharply; that 
is, the point at which, presumably, it is worthwhile 
to dispose of the truck and to buy a new one. If the 
depreciation be adjusted constantly until it reaches the 
zero value of the truck and so that it remains with 
the maintenance cost at a fixed total, the superficial 
evidence of the figures would be that it is never worth 
while to dispose of the truck and that the truck cost 
of operation remains constant throughout its life. 
Obviously, that cannot be strictly true. There is a 
point at which, before the truck has fallen to pieces, 
it is economical to get rid of it, and that is the point 
at which the depreciation and the maintenance begin 
to rise sharply. 


Making Depreciation a Fixed Charge Simplifies 
Bookkeeping 


Mr. MALLOUF:—My thought in seeking simplified 
methods is to keep the running charges separate from 
the fixed charges. Depreciation is a fixed charge. In 
operating a motor-truck we worry about the running 
cost. The bookkeeper can take care of the other items, 
but he cannot handle the running costs unless he has 
had some experience in operation. Keeping these run- 
ning and fixed charges separate provides a far better 
guide for controlling the running cost than would be 
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available if it were hidden in the total fixed cost. 
Having all the figures available, the bookkeeper can 
always figure the matter out from any desired angle. 
I refer to fixed charges as shown by the balance sheet. 

Mr. HoRINE:—If we are talking about cost account- 
ing, Mr. Warner’s point is very well taken. I think 
we must consider the quick-sale value of the equipment; 
that is, to face continually the possibility that the 
business might need to be liquidated, which is the only 
reason that we should be interested in the resale value. 
Equipment is not bought on speculation, as securities 
are bought and sold, but as a tool with which to carry 
on the business. 

If a vehicle is to run for seven years economically 
and we are to give ourselves a true picture of the 
cost per ton-mile during that time, we must follow 
Mr. Baggaley’s suggestion in one way or another and 
prorate or average all the costs for that period for 
that particular vehicle. In other words, if the vehicle 
depreciates greatly the first year and very slightly the 
second year, those extremes should be averaged. For 
example, does anyone advocate that the cost of a tire 
change should be charged against the particular mile 
run immediately after the change, or do we all agree 
that the cost of a tire change should be spread over 
the life of that tire? It seems to me that the parallel 
is a perfectly fair one. The tire is one small item that 
we depreciate on a prorated basis, and the truck itself 
is a big item, which logically should be treated the 
same way. If we get the idea that the object of cost 
figures is to gage the efficiency of the operation con- 
sidered apart and distinct from accounting, which has 
to do with the financial condition of the moment, the 
matter will be settled. 

Mr. MALLOUF:—A company having a national or- 
ganization bought new 5-ton trucks from the Govern- 
ment at about 50 per cent of their actual value and 
also bought new 5-ton trucks from the manufacturer. 
In setting up the depreciation, assuming that the for- 
mer was valued at $2,500 and the latter at $5,000, how 
shall we compare the costs of the two types of vehicle 
if we include depreciation in the running cost? In 
the case cited, the company’s entire cost-accounting 
system was upset because it did not ascertain what its 
bookkeepers were using as a basis for depreciation. 

Mr. HORINE:—That was equivalent to paying $2,500 
for a $5,000 truck. The Government paid the other 
$2,500 and that could be charged in the accounts as 
seemed desirable. In other words, the problem is how 
to figure depreciation on a gift. But that is not a nor- 
mal commercial condition. 

Mr. MALLOUF:—Judging from surveys I have made, 
it is true that well-operated trucks that have long since 
passed the five-year depreciation period are being oper- 
ated on a large scale and are running at a cheaper 
service per mile and per ton than is rendered by new 
trucks operating on just as large a scale and over which 


*M.S.A.E.—General manager, Motor Truck Association of 
America, New York City. 


the overhead expense has been spread out. So, after 
all, the human element controls these costs and, as 
there is no limit as to what a truck might cost if it 
is run ignorantly, the subject is as wide as it is long. 
Accounting must be done honestly. All the members 
of the personnel know that, in most organizations that 
operate trucks, it is an established precedent to charge 
what should be charged against some certain truck to 
some other truck that is costing less money in the shop 
so that the two will be closer to the average. If an 
owner is trying to be sincere and honest with his 
records, himself and his costs, his employes must do the 
same. I cannot tell my bookkeeper to juggle the figures 
to make the picture look better with reference to a cer- 
tain truck; therefore, we always have the facts and 
every employe in our company is dealing with these 
facts, being at all times guided by that principle. 


Trucks Are an Instrument of Profit 


T. D. Pratr’:—The idea which Mr. Mallouf has ex- 
pressed is that a motor-truck, in modern commercial 
life, is an instrument of profit. The majority of fleets 
are not looked upon in that way by the owners, who 
are inclined to think them a necessary evil and to rele- 
gate them to the background. Many men in charge of 
these same fleets seem to feel much the same way about 
them and to think that if they keep the fleet running 
smoothly they have fulfilled the requirements; but 
never were they more mistaken. 

Inherently an instrument of profit, the motor-truck 
is a piece of mechanical equipment for the conduct of 
business which represents an advance over the old 
method of doing business by using draft animals, 
Following the development of machinery, production 
grew to such an extent that the real problem facing 
the owner was to find a market for the products so 
that the machinery could continue to produce at a profit. 
This condition created a new problem, that of distribu- 
tion. It is here that the motor-truck, viewed in its true 
light, fits into the picture as an instrument of profit, 
and profits in business are made by the application of 
business science to the problem at hand. 

Distribution is at present the bridge that must carry 
production over the chasm of loss to profit, and the 
motor-truck is the keystone of the arch on which the 
strength of the bridge depends. Let those who own 
trucks, and also the men who operate the trucks, realize 
this. Then, and not until then, will the man in charge 
of a fleet cease to be a sort of glorified mechanic and 
become recognized as a superintendent, the head of a 
department which ranks and is equally recognized with 
those of purchasing, production, sales and accounting, 
whose duty it is to make a profit for his employer. 

Without transportation the business world would 
stagnate. The motor-truck is the most marvelous instru- 
ment of transportation ever produced. We should see 
that it is used to its fullest capacity by applying to its 
operation business science to the same high degree that 
mechanical science has been applied to its design. 
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Extending the Use 


of Motor Vehicles 


Beyond the Transportation Field 


Discussion of T. C. Smith’s Semi-Annual Meeting Paper’ 





YARIOUS uses that have extended the field of prof- 

itable operation of the motor-vehicle beyond that 
of transportation are described as examples of a re- 
cent development which is gaining momentum. Time 
and labor-saving devices that are driven by the engine 
of the vehicle are illustrated and some of their special 
uses mentioned. Several types of power take-off from 
the vehicle transmission and directly from the front 
end of the engine crankshaft are shown and described. 

Criticism is made that power-take-off openings in 
the transmission cases are too small for some applica- 
tions and that the manufacturers do not adhere to 
any standard in the design of the opening and location 
of the transmission gears with respect to the opening. 

Applications of auxiliary power-equipment to varied 
services, particularly in the telephone field, as pre- 
sented by the author, are indicative of some of the 
requirements that have to be met, and motor-vehicle 
designers and builders are urged to give some thought 
to designing their vehicles with a view to satisfac- 


A. W. HERRINGTON’:—Mr. Smith has called the at- 
tention of the motor-truck manufacturers to the possi- 
bility of adapting trucks to other forms of service than 
it was originally thought they had to be designed for. 
This recalls the experience of the machine-tool makers 
in selling their products. The salesman selling machine- 
tools has to observe the things done in the prospect’s 
plant and gains an insight into his production time in 
order to help to develop adaptable auxiliary devices 
that will make the tool do the job better and cheaper. 

A surprising number of special adaptations that have 
not yet been thought of are possible with motor-trucks 
and can be made good business practice if suitable de- 
vices are properly worked out. As the American Tele- 
phone & Telegraph Co. is working right in our thickly 
populated areas, many of us have an opportunity to 
see the company’s equipment in actual operation. But 
out in the oil fields will be found the counterpart of 
many of the problems Mr. Smith has mentioned, such 
as conditions that make it necessary to depend on the 
vehicle to handle heavy loads expeditiously. 

I remember an amusing instance, which occurred up 
in Wyoming, where a little driver was starting out of 
an oil-field-supply company’s yard with a boiler weigh- 


1 Published in the July, 1929, issue of the S.A.E. JOURNAL, 
p. 55. Mr. Smith is a member of the Society and is connected 
with the American Telephone & Telegraph Co., New York City, 
and has charge of automotive and labor-saving-machinery en- 


gineering for the Bell System. The abstract published with the 
paper is reprinted herewith, together with a summary of the 
main points in the accompanying discussion. 


2M.S.A.E.—General manager, Coleman Motor Co., City of Wash- 
ington. 


® M.S.A.E.—Assistant equipment engineer, Department of High- 
ways, State of Pennsylvania, Harrisburg, Pa. 


tory and easy application of power take-offs and 
special power-operated equipment for a wide range of 
purposes. Inability to make a suitable application 
may decide a purchaser against buying a motor-truck 


that is otherwise appropriate for the service contem- 
plated. 

Much of the discussion deals with the question of 
developing a pintle hook that can be used with any 
type of trailer and with the thought of having the 
Society cooperate with trailer engineers in an en- 
deavor to arrive at a standardized universally usable 
towing-hook. The general characteristics of such a 
hook are foreshadowed by some discussers. 

Consideration is given to the problem of providing 
effective road-clearing facilities for heavy vehicles in 
emergencies. Some such facilities are made available 
by State authorities in some places, but the work 
largely devolves upon private operators and volun- 
teers, the winch-equipped trucks of public utilities con- 
stantly proving effective in keeping the roads open. 


ing 15 tons on a tractor-trailer. The driver weighed 
about 135 lb. Arrived at the oil field, he asked the 
drill-rig foreman where he wanted the boiler put, and 
the foreman indicated the spot. I expected the driver 
to call for help to unload it, but he didn’t; he pulled 
up alongside the unloading place and with his shovel 
dug a hole in front of each of the wheels on one side. 
He then threw off his booming chains and put his trac- 
tor into second speed, let in his clutch, drove into the 
holes, and the rebound of the springs kicked the boiler 
off where the foreman wanted it. This shows that a 
man’s ingenuity sometimes will eliminate the need of 
expensive equipment, although such practices are hard 
on a truck. 

An important field just opening is the auxiliary land- 
ing-field equipment for aircraft. One cannot imagine 
the extent to which the motor-truck will enter into 
making aircraft a commercial undertaking. If some 
of the truck manufacturers will spend a little money 
to investigate this field, I think they will be well repaid 
for the expenditure. 


Problems That Need Cooperative Study 


RALPH BAGGALEY, JR.*:—Any truck of more than 1% 
tons capacity which we buy is used for snow-plowing 
in addition to general hauling. In the means for mount- 
ing snow-plows we should like to see closer cooperation 
between the truck manufacturers and the snow-plow 
builders. In general, the snow-plow builder is unfa- 
miliar with the truck on which the plow is to be 
mounted, and if his mounting design is used very 
serious damage may be done to the truck, such as 
bending the frame or the axles or breaking the springs. 
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The mounting of snow-plows is the only special attach- 
ment that is used on our trucks intany quantity. 

NATHANIEL MALLOUF’:—It has often occurred to me 
that a closer study of these matters by the men who are 
in the rigging and machinery-moving business would 
be of great benefit. In heavy trucking, where heavy 
units must be moved, the attachable equipment might 
be built and put on motor-trucks of standard manufac- 
ture in such a way as to eliminate labor and increase 
safety. If this were given sufficient study by the op- 
erAtor who is faced with such problems, in cooperation 
with the manufacturer, I believe a great deal could be 
done to bring about the elimination of waste time, re- 
duction of costs and increased safety of operation. 

CHAIRMAN F. K. GLYNN*:—In the experience of the 
public utilities, the renting of trucks becomes neces- 
sary at certain seasons of the year. It is uneconomical 
to own surplus truck equipment to take care of the oc- 
casional peak loads, and it is almost impossible to rent 
trucks equipped with winches. Yet the trucking com- 
panies from which vehicles are rented could advan- 
tageously perform perhaps 10 to 20 per cent of their 
regular work with trucks equipped with power winches. 
Can Mr. Horine add something from the manufac- 
turer’s standpoint regarding this situation? 


Unconventional Designing Needed for General-Pur- 
pose Chassis 

M. C. HorINeE*:—Considering the number of applica- 
tions of auxiliary power Mr. Smith has described, all 
of which are confined to one industry, and enlarging 
our perspective to embrace all of the industries that use 
auxiliary power, the manufacturer faces a problem 
which is both interesting and difficult. To design a 
single chassis so that all types of auxiliary equipment 
to be anticipated in any quantity would be well adapted 
to it would unquestionably require a very radical over- 
hauling of our conventional chassis-design ideas. 

I do not mean this in a pessimistic way. I think the 
problem will be worked out; in fact, I have just had a 
vague vision of a chassis in which the driver’s seat 
would house a power take-off from the tail-shaft of the 
transmission, with a drive which could be declutched 
from either the auxiliary shaft or the propeller-shaft, 
or clutched to both. That, I think, would be capable of 
handling the majority of auxiliary power devices. 

T. C. SMITH :—We have cooperated in the designing 
of such an outfit and already have about 50 units in 
operation. 


The Need of a Standard Trailer Hitch 


F. C. HORNER':—I think Mr. Horine is quite right; 
if we have-to design a chassis to take care of all the 
special gadgets we can use on it to advantage, the 
chassis will be costly. We must use the conventional 
vehicle as it is manufactured by production methods, 
and apply to that type of chassis the special equip- 
ment as we can. 

In connection with Mr. Smith’s remarks in his paper 
and the S.A.E. power take-off, I want to again agitate 
a question that has been before motor transport men 





*Mallouf Haulage & Maintenance Co., Long Island City, N. Y. 
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and the manufacturers of trucks and trailers for a 
long time. That is, the desirability of finding a stand- 
ard trailer hitch. Probably the American Telephone & 
Telegraph Co. is at least as much interested in this as is 
any other organization. This matter was very defi- 
nitely brought up on several occasions by some of the 
motor transport men in the American Railway Asso- 
ciation, and we in the Society went so far as to ap- 
point a subcommittee to try to deal with the subject 
and get together with the truck and the trailer manu- 
facturers on a program. 

Not much progress has been made nor, I believe, 
will be made until the trailer manufacturers can co- 
operate with regard to their patents. It is a big prob- 
lem, but we ought to attack it, for possibilities of using 
trailers and semi-trailers in motor-transport operation, 
in my opinion, are very great, and I think we must 
do what we can to further the development of that 
type of equipment. To do this we shall have to make 
the motor-vehicle equipment meet the requirements of 
the user in every possible respect. 

Within the last two or three months, I have had 
occasion to investigate the work being done with motor- 
vehicles in the various haulage fields. I was astounded 
by the variety and amount of the work accomplished 
with various types of equipment used; for example, 
in the haulage of milk and live-stock, and particularly 
by the telephone companies and other public utilities. 

If the user and the manufacturer of transportation 
equipment could work closer together on these things 
we could devise more efficient and economical ways and 
means of meeting the user’s requirements. 

I should like to ask Mr. Smith, with reference to 
the crawler track-equipped truck for handling tele- 
phone loading-coils, shown in Fig. 5 of his paper, 
what success he has had with that type of equipment. 
Is it not highly specialized and adapted only for very 
special types of work? 


Work of a Special Crawler-Track Truck 


Mr, SMITH :—Yes; when a difficult job is to be done, 
more or less specialized equipment is sometimes neces- 
sary, as the work cannot be done readily with the 
customary truck equipment. The old method used for 
this specific job required too many mules and horses. 
Caterpillar-type tractors are being used rather exten- 
sively now, but they can make only about 4 m.p.h. 
and, if the going is bad, may average as low as 21% 
m.p.h. 

The particular adaptation mentioned has not been 
given a sufficiently long service trial for us to know 
what its field of application will be, but thus far some 
very interesting results have been obtained with it. 

In delivering cable-reels from a railroad siding for 
a job that may be 15 miles away, with perhaps half 
the distance over hard-surfaced road and half across 
private right-of-way, the reels are loaded on the truck 
platform, the crawler tracks are left off, and the truck 
is run on the rubber tires at a speed of 15 or 18 m.p.h. 
to the concentration point at the entrance of the right 
of way. After a number of reels have been delivered 
to the coneentration point, the crawler tracks are put 
on, which requires about '% hr., and we have a haulage 
unit which in some respects is similar to the tractor. 
The truck with these crawlers makes from 6 to 8 
m.p.h., compared with 4 m.p.h. made by the tractor. 
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The principal difficulty we are now experiencing 
with this type of equipment is from steering in very 
soft ground. When the front wheels are turned to a 
considerable angle, the tracks have a tendency to push 
the front wheels right on in a straight line. We have 
been trying to develop some special brake mechanism 
by which one track can be locked so all the power will 
go to the other track. We also have in mind some 
other schemes for accomplishing this end. 


Universal-Jointed Heavy Trailer-Hook Required 


I think the best way to approach the subject of 
trailer hooks is to tell about some of the things that 
are wrong with the present commercially obtainable 
hooks. The fundamental difficulty in the whole situa- 
tion is that some companies have one form of hook 
and some another. We are trying to get together on 
some design that will be a good compromise, and pos- 
sibly better than those we now have. Unfortunately, 
some of the earlier designers of towing hooks decided 
that a hook of proper design should operate with the 
towing eye horizontal. Another decided that the 
proper way to make a towing-hook was with the towing 
eye vertical. So one part of the Country uses trailers 
having vertical eyes and another part uses horizontal 
eyes. Therefore, to design hooks that will fit both of 
them is very difficult. | 
_ The Government-type pintle-hooks, as used on the 
Army trucks during the war, seem to be well designed. 
We are using that type, somewhat modified, at the 
present time. However, in very heavy hauling we find 
them entirely inadequate. Some generally used trac- 
tors have a drawbar pull of about 12,000 lb., which 
is away beyond the strength of these hooks. A 
stronger hook, which has several features not embodied 
in the Government pintle-hook, seems desirable. In 
loading some types of vehicles, the tongue must stand 
upward at an oblique angle, and when it is pulled down 
to a horizontal position the eye is moved through a 
wide angle, perhaps as much as 60 or 70 deg. 

I am convinced that, to meet all the necessary con- 
ditions, a pintle hook of the type which has the latch 
over the top is not adequate to serve the purpose. The 
line along which we are working is to design a hook 
that has a universal-joint to adequately meet this con- 
dition. It is a peculiar-looking design, but I hope we 
shall be able to work it out. 


Interchangeable Semi-Trailer Coupling Wanted 


H. W. RAYMOND*:—Up to within a very few years 
ago all of the effort of the company I represent was 
spent on the development of the semi-trailer. I under- 
stood that the pintle hook being used was a standard 
S.A.E. hook. I think it should not be hard to stand- 
ardize on a pintle hook for four-wheel trailers, and I 
do not think that the pintle hook is being discussed to 
any extent among the manufacturers of trailers now. 
The principal agitation has been on the couplers with 
semi-trailers, which is a very difficult knot to untie. 


Army Pintle-Hook Redesigned 


Mr. HERRINGTON :—The Army ordnance pintle-hook, 
that Mr. Smith commented on, was recently redesigned. 


®M.S.A.E.—Engineer, Fruehauf Trailer Co., Detroit. ° 


°M.S.A.E.—Consulting field engineer, white Motor Co., Cleve- 
and 


I am sure that, as a matter of policy, the Ordnance 
Department would like to encourage the commercial 
use of its newly designed hook, because in an emergency 
everybody would be familiar with the hook and know 
how to use it; more of them would be available and 
the Government would not have to make still another 
one similar to those we are now using commercially. 
However, from our experience, I do not believe that 
the present ordnance design entirely meets present 
requirements. Our present trailers have made road 
speeds up to 12 or 15 m.p.h., but we are now begin- 
ning to haul trailers at 25 to 30 m.p.h. The present 
pintle hook is not only unsatisfactory but may be un- 
safe at such speeds, and I agree with Mr. Smith that 
the proper hook that will eventually be developed will 
have these qualities: First, it must be as easy to hook 
and unhook as the present types; second, it will be 
fully universal in action; third, it will have its own 
self-contained lubricating system; and fourth, it will 
have an automatic take-up for wear. 

If we can get a pintle hook having these qualities, 
I am sure it will overcome many of the troubles we 
have to contend with today. 

W. G. RETZLAFF’:—About ten years ago we started 
out with the Army-designed standard pintle-hook 
which was evolved during the war. At the slow trailer 
speeds of 5 or 6 m.p.h. at which we used to haul trail- 
ers, those hooks were entirely adequate, but we had 
some objections to them. They were too small, the 
opening being about 3 in. in diameter. The metal of 
the hook was only about 115 in. in diameter. The fit 
in the eye was rather loose, causing the trailers to 
“snake,” resulting in a constant working back and 
forth which in time crystallized the hook and caused 
it to break, so it was very unsafe. 

We devised a new hook, a sort of clevis hook, which 
was accepted very favorably in Texas and through the 
South and the extreme West. But the people in the 
Middle West and the extreme East want a hook with 
the safety latch on top. 

Realizing just what Mr. Smith has stated, that the 
present hook with the safety latch on top is rather 
inadequate, we then devised a hook having a deep notch 
and strengthened it very much. We have reduced the 
play between the drawbar eye and the trailer hook and 
designed the hook so that it has almost a full universal 
action. It can be coupled to a very high or a very 
low trailer, and as long as it is used on paved high- 
ways it works very well. We have, however, a special 
eye which we use for drawing our equipment, such as 
power shovels, which swivels and is equipped with a 
spring. This swivel action, together with:the heavy 
reinforced hook, seems to have overcome most, though 
not all, of the objections. 


Patent Situation Impedes Progress 


A. J. SCAIFE”:—With reference to cooperation be- 
tween the user and the manufacturer of equipment, 
I think the greatest handicap, not only as regards the 
motor-truck or auxiliary devices, but virtually every 
type of machine, is the selfish interest that holds back 
development. An individual or company secures a 
patent and then tries to restrict it to his or its own 
use. That is the present problem in the tractor-trailer 
field. The fifth-wheel attachment makes it impossible 
to use more than one type of trailer with the tractor, 
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because all the fifth-wheel connections are patented and 
are not interchangeable. 

If the Society could bring the interested parties to- 
gether to combine the best elements of all designs 
into one, which would not be limited as to the type of 
attachment, thus eliminating the special features that 
each manufacturer has patented, a big problem would 
be solved. 

The fine thing about the four-wheel-trailer hook 
developed by the Army or the Ordnance Department 
is that anyone can use it. Regardless of whether the 
design is right or not, the spirit is right. When we 
have something that all of us can use, development 
will be assisted. A man who patents a device should 
be paid for it to reward him for his efforts, but in a 
way other than by the selfish interest of monopolizing 
it. If the holders of patents would license other manu- 
facturers to use them, I think cooperation between 
equipment manufacturer and user would be promoted. 

Another feature not touched on in this discussion is 
that of road building. Contractors are adopting the 
method of mixing the concrete batch at the job or in 
concrete mixers on the vehicles in transit. The use 
of these methods also is restricted by patents and 
there is no interchangeability. Each manufacturer is 
fighting for recognition of his own particular equip- 
ment by licensing or contracting with different road- 
building contractors to use it. For instance, one big 
supply company for a certain district is given the 
exclusive right to use a particular make of mixer, and 
the other building-supply companies cannot use that 
type. We must see to it that our motor-trucks shail 
not be used with only a certain type but with mixers 
of all types. Many firms prefer to buy the equipment 
complete; but if a truck manufacturer should select a 
particular type of mixer and sell his truck with it, 
he would promptly meet with difficulty in trying to do 
business with makers of other mixers. 

The motor-truck concrete mixers have entirely dif- 
ferent types of drive, and nothing is standard about 
them, except the truck engine, transmission and axle. 


Features of Standard Chassis for Various Uses 


To obtain a standard design, suitable for auxiliary 
power purposes, I would start with the engine, making 
it very flexible in speed range and with sufficient power. 
The transmission should have a sufficient number of 
gear changes to give the truck fair speed on the high- 
way and ability in hard going. The transmission case 
would possibly be designed with three openings, one 
on each side and one on the bottom, so that it could 
be used with any sort of power take-off. 

I would have a heavy axle designed to take a wide 
range of gear ratios to meet the different transporta- 
tion and special work requirements. This is of par- 
ticular value to the public utilities, which use earth- 
boring machines, double-drum winches requiring two 
drives, pumps for draining manholes, and so forth. 

There are two distinct divisions of the motor-truck 
field; one is the commercial hauling of materials, and 
the other is the use of the vehicle as a tool rather 
than a transportation unit. In the latter field its use 
for transportation of materials amounts perhaps to 


4 Assistant engineer, Bragg-Kliesrath Corp., Long Island City, 
a ee 


only 10 per cent of its total use. The demand is more 
and more for a vehicle that is really a tool to replace 
manpower. 


Pintle-Hook Problem Referred to Committee 


Mr. HERRINGTON :—Could not the pintle-hook prob- 
lem be placed before the Research Committee or some 
other group of the Society to accumulate all the avail- 
able information on this subject to see if we can stand- 
ardize a suitable trailer attachment? I would gladly 
send to such a group the information we have along 
these lines. 

CHAIRMAN GLYNN:—I think it is in order to enter- 
tain a resolution to the Transportation Committee from 
those gathered here recommending that the problem 
be referred to the proper committee of the Society. 

Mr. HERRINGTON :—I make that motion. 

Mr. HORNER:—I second the motion. As I mentioned 
before, however, a subcommittee has been set up by 
the Transportation Committee of the Society to deal 
with this problem. I think it would be desirable to 
have Mr. Herrington on that committee and possibly 
for the Transportation Committee to consider includ- 
ing one or two others who are living with this prob- 
lem all the time. I think we ought to carry them both 
along at the same time. A definite request has been 
made of the Society to attempt to work out a solution 
for the problem of the semi-trailer fifth-wheel attach- 
ment. 

P. PIERCE":—I do not believe it is practicable or 
economical to attempt to build a truck that will drive 
with a power take-off all of the kinds of equipment 
that have to be used. We lost sight of the fact that 
one word that goes into the making up of all the 
equipment is “special.”” I believe the user of the ve- 
hicle and the equipment should be sold a little more 
on that word and should expect to pay a little more 
for something special, even though the truck is 
standardized. 

As a suggestion with regard to the pintle hook, I 
think it would be well to find all the different men in 
the Society who have had any dealings along special- 
equipment lines and determine if they have any ability 
to assist in designing such a hook. I believe that a 
pintle hook should not be made of cast material; I 
know of no pintle hook today that could handle cer- 
tain types of heavy work. It would crack like a pea- 
nut shell. The pintle hook, regardless of how it is 
designed, should, in the final closing or assembly, as- 
sume as nearly as possible the shape of a ring. The 
parts may snap together or slide together, but it should 
assume the general form of a ring and be automatically 
locked; and it should take care of the slack as well as 
the push and pull in all directions. 

The selfishness among the different manufacturers 
could be overcome if we could bring them to see the 
benefit they would derive individually by contributing 
their ideas to the furtherance and betterment of the 
industry as a whole. 

Perhaps we can take a lesson from the case of the 
old Liberty truck engine, toward the building of which 
many men contributed. While it was not exactly what 
was needed, it went a long way toward assisting in 
the winning of the war, and I believe that all the men 
and companies who were interested in that develop- 
ment have benefited from an advertising standpoint 
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more then they ever anticipated or even selfishly wished 
to benefit. 

Mr. RETZLAFF:—Our company frequently receives 
letters from conventions held in the United States at 
which some motion is passed favoring the adoption of 
a universal coupler between the tractor and the semi- 
trailer. The right thing would be for the engineers 
of the trailer companies, together with the Society, 
to draw up some universal coupler. If the S.A.E. 
were to design a coupler, taking some mechanism from 
one trailer company and some from another, as was 
done in the case of the Liberty engine, I believe very 
little difficulty would be met in securing its adoption. 

CHAIRMAN GLYNN:—That is particularly encourag- 
ing. 

[The motion was carried.—Ed. | 


Would Unhandcuff the Trailer Industry 


Mr. SCAIFE:—The Society never has done any de- 
signing. It simply cooperated with the Government 
on the Liberty engine, but is not authorized, as I see 
it, to design anything as a standard. All it does is to 
standardize practices. Standards are never initiated; 
they never precede general practice; they always fol- 
low. If an attempt is made to combine all the good 
ideas in one design and make that a standard, the 
effort will fail if the design has never been used. That 
method has been tried several times and proved an 
entire failure. The pintle hook was put in the S.A.E. 
HANDBOOK as a standard connection, but was taken 
out because it was never used. Someone found that 
it was not practical, the way it was designed. The 
proper procedure is to get the engineers of the dif- 
ferent companies together to unite on a universal type. 

I think we all will agree that the automobile indus- 
try has become, in a very short time, as big as it is 
because the manufacturers cross-licensed their patents, 
through the National Automobile Chamber of Com- 
merce. That removed the handcuffs from the business. 
If we can take the handcuffs off the tractor-trailer 
business, there will be enough business for all, includ- 
ing the builders of two-wheel and four-wheel trailers, 
and their business will grow faster than it does under 
existing conditions. 

As Chairman of the Standards Committee, I realize 
the difficulties that confront us when we try to design 
a standard. We take articles as we find them and try 
to reduce the number of types and sizes. If we can, 
by common consent of the trailer companies, reduce 
the seven or eight kinds of pintle hook to one that all 
can use, we want to do so. 

Mr. HORNER:—The purpose of setting up the Sub- 
committee was to have it deal with the matter along 


the lines you suggest; not to attempt to originate a 
standardized hook. 


Cost Accounting for Power Units 


R. E. PLIMPTON”’:—Some interesting possibilities 
arise in connection with auxiliary equipment used for 
emergency work on the highways. Small garages have 
light service wagons, but emergency equipment suit- 
able for trucks is not found so frequently. Bus or 
truck operators may fit an old vehicle with a crane, 


'? M.S.A.E.—Associate editor, Bus Transportation, Chicago. 
% General manager, Big 3, Inc., Boston. 





hoist or winch and use it for their own service. Yet 
if, on the highway outside of cities, a truck happens 
to block the road, other users of the road must wait 
until some vehicle able to move it comes along or until 
they can get the kind of service truck needed for the 
job. 

It seems to me that highway departments should 
take over this work, following a practice similar to 
that in the Hudson Tunnel and the Oakland-Alameda 
Tube, and just as a public authority handles snow 
removal, although in the past many individually owned 
bus companies have done snow plowing so as to keep 
their vehicles running on schedule. 

Another point, that has to do more directly with 
Mr. Smith’s paper, occurs to me. The American Gas 
Association is, so far as I know, the only National 
organization that has made any attempt to create sep- 
arate systems of accounting for power units attached 
to motor-vehicles and to the vehicles themselves. I 
should like to ask Mr. Smith how he breaks up the 
cost of operating a vehicle for transportation and 
power work. It should also be of interest, in con- 
nection with accounting, to learn how he measures 
the efficiency of the power units. 

Mr. SMITH:—What we are really interested in is 
to improve the operation, whatever it is. Operation 
of earth-boring machines calls for one class of study; 
the concrete mixer for another. We already know we 
are saving money by doing the work with machinery. 
The next question is: What is the best kind of ma- 
chinery to use for a given type of job? So the method 
usually followed now is to make a study of the kind 
of work, whatever it may be, and compare the opera- 
tion of the different types of equipment in this par- 
ticular field in each instance, taking the whole piece 
of equipment as a unit. Sometimes that is done as a 
special study. We also have general accounting that 
helps in connection with the study. To me, the im- 
portant matter is not so much to find how much of 
the cost is for transportation and how much for opera- 
tion of the auxiliary equipment. My primary object 
is to improve the entire operation. 

Mr. PLIMPTON :—It seems to me that, as time goes 
on, you will have to break down the cost. 

CHAIRMAN GLYNN:—Our accounting practices are 
sufficiently flexible to permit a break-down of any over- 
all costs into units, but it seems a waste of effort to 
break down all costs except when there is sound reason 
for so doing. 

W. J. Durry”’:—A problem that might be put to 
the manufacturers is to attempt to devise a power unit 
for loading which would be able to apply a pull in 


almost any direction without using up the platform 
space of a truck. 


Heavy-Duty Wrecking Service 


Mr. BAGGALEY:—Keeping the highways free of 
wrecked vehicles is handled by the Pennsylvania State 
Highway Department when necessary. Generally, 
some local commercial organization specializing in tow- 
ing service handles this work, as it can reach the scene 
quicker than can the Highway Department equipment, 
which is concentrated at one point in each county. The 
Department has tractors and truck cranes which can 
pull practically anything off the highway. On an ex- 
tremely important thoroughfare where there is very 
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heavy traffic, as in the Holland Tunnell, State authori- 
ties are organized and prepared to give immediate ser- 
vice. On less important routes the service is not so 
speedy. 

CHAIRMAN GLYNN:—Very often the public utilities’ 
winch-trucks with derricks do the clearing of the high- 
Ways, and in many cases have not only relieved the 
situation but have also been utilized to save property 
and lives. 

Mr. SMITH:—I should like to make one more point. 
I am not willing to admit that the designing of motor 
vehicles which will take all sorts of different attach- 
ments is impossible. If the problem is difficult, that is 
all the more reason for attempting to solve it. If we 
find a fair solution, though it may not be ideal, it may 
produce vehicles that are superior to those we are get- 
ting now. Surely motor-vehicles can be improved to 
make them fit in better with the power attachments 
that are used on them. There is no reason, for example, 
for having a propeller-shaft brake in a place where you 
want to apply a winch to a truck. The brake could be 
placed out of the way of the winch attachment, or some 
other kind of attachment might be designed. The 
manufacturers who are giving some thought to this are 
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producing trucks that are much more readily usable 
than vehicles designed simply as transportation units, 
with the idea that if someone wants to place power 
equipment on such a truck he must take and use it as 
he can. 

RALPH BAGGALEY, JR.:—Let me supplement Mr. 
Smith’s remarks by relating an experience we had in 
operating some trucks having an auxiliary transmis- 
sion in addition to the regular transmission equipment. 
The incorporation, of this auxiliary transmission ne- 
cessitated a shorter drive-shaft, an altered shaft-brake 
mounting and a special coupler between the two trans- 
missions. All these special parts have given a great 
deal of trouble and resulted in loss of service from the 
trucks until replaced by a later design. 

By buying the non-standard trucks we appointed 
ourselves the manufacturers’ proving ground for the 
new parts involved and it is not at all surprising that 
we had trouble. I consider that the best policy is to 
use standard designs if possible, because special parts 
will generally be the most troublesome part of the 
truck. If special parts must be used, their design should 
be gone over carefully by an engineer of the operating 
company before acceptance. 


Distillate as Rail-Car Fuel 


(Concluded from p. 501) 


refinery price of 914 cents for gasoline. All petroleum 
products follow gasoline prices to some extent, and 
distillate prices may rise as gasoline prices go up, but 
the rise in distillate prices will also be influenced by 
the market for gas-oil and fuel oil. Table 1 represents 
a fair expectation of the relation between the prices 
of gasoline and distillate at the refinery. 

We have the positive assurance of the petroleum 
industry that, as long as gasoline is made by cracking 
petroleum, large quantities of distillate will be pro- 
duced that will be suitable for use as engine fuel and 
cannot be converted economically into gasoline. The 
visible supply of distillate is vastly greater than any 
possible demand from the railroads. 

The following specification has been used for pur- 
chasing fuel for distillate-burning rail-car engines for 
some time. The distillation ranges from two gasoline 
specifications are listed with that of the distillate, for 
comparison. 

No. 1 gasoline is suitable for the engines of gasoline 
rail-cars, motorcoaches and motor-trucks and for in- 
dustrial engines and low-compression automobile en- 
gines. No. 2 gasoline is suitable for high-compression 
automobile engines and heavy aircraft engines, but not 
for the engines of stunting and fighting aircraft. 

In addition to the technical and economic advantages 
that have been described, distillate can be handled and 


SPECIFICATION FOR RAIL-CAR-ENGINE DISTILLATE 
(1) The distillate shall be free from water or sus- 
pended matter. 
(2) The doctor test shall be negative. 
(3) The viscosity shall not be higher than 34 sec., 
Saybolt universal scale, at 100 deg. fahr. 
(4) Distillation Range: 


Evaporated, Temperatures, Deg. Fahr. 


Per Cent Distillate No. 1 Gasoline No. 2 Gasoline 
5 375 180 167 
20 425 pain pate 
50 450 284 221 
90 5590 392 311 
End-point 600 437 374 


(5) At least 95 per cent shall be recovered after dis- 
tillation. 

(6) The residue left in the flask after distillation shall 
not exceed 1% per cent, and shall not show an 
acid reaction. 

(7) The sulphur content shall not be over 0.3 per 
cent. 


stored with greater safety than can gasoline, and with 
less shrinkage and less liability to theft. The differ- 
ence in the safety of the two fuels becomes more im- 
portant as the quantity carried on the rail-car increases 
with the increased size of the equipment. 
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The Incandescent Lamp for 
Automotive Lighting 


R. E. Cartson! 


Cuicaco SECTION PAPER 


of the first successful incandescent-filament 

lamps. The essential elements of this lamp con- 
sisted of (a) a high-resistance carbon filament, (b).a 
sealed glass enclosing chamber, (c) a high vacuum in 
the enclosing chamber and (d) platinum lead-in wires. 
The filament in Edison’s first lamp was made by carbon- 
izing a piece of sewing thread and until about 1906 vir- 


(): OCT. 21, 1879, Thomas A. Edison lighted one 





Illustrated. with CuHarts AND Drawinc 





A comprehensive and rigid inspection program is fol- 
lowed to assure high-quality production. The product 
from each machine is inspected before packing and part 
of this production is held for two weeks to detect any 
defects that may develop in storage. An outside inde- 
pendent organization conducts the inspection of all 
packed production. If an abnormal percentage of de- 
fects are found in the quantities selected; all the pro- 


tually all incandescent lamps 
were made with carbonized 
cellulose filaments. 

In 1906, metallic-filament 
lamps were developed in 
which tantalum, and later 
tungsten, was used, resulting 
in greatly improved perform- 
ance. In 1911 drawn-tung- 
sten-filament lamps were an- 
nounced and this material in 
certain modifications and al- 
loys is used in our present 
lamps. The gas-filled lamp 
was marketed in 1916 and 
this development, requiring 
a coiled filament, contributed 
a further gain in efficiency. 
The standard automotive 
incandescent lamps of today 
are of the gas-filled coiled- 
tungsten-filament t y pe and 
are six to eight times more 
efficient and rugged than 
Edison’s first lamps. 


Methods of Manufacture 
and Inspection 


Approximately 250,000,000 
miniature lamps were sold in 
this Country last year, of 
which 130,000,000 were auto- 
motive types. The manufac- 
turing processes have 
changed from a hand-opera- 
tion basis toa manually 


supervised automatic-machine basis. Bulbs are blown 


Approximately 52 per cent of the 250,000,- 
000 miniature lamps sold in this Country in 
1928 were for automotive use. These lamps 
were produced on a manually supervised auto- 
matic-machine basis and high quality is assured 
by a comprehensive and rigid inspection pro- 
gram. 

Simplification enables 11 or 12 types to meet 
90 per cent of the demand from the owners of 
more than 24,000,000 vehicles, and concentra- 
tion of manufacturing facilities on these has re- 
duced the retail price to 60 per cent of that 
paid in 1920. 

Manufacturers are doing their best to pro- 
duce uniform high-quality lamps, but the con- 
ditions under which these are used determine 
whether or not their performance is satisfac- 
tory. 

Adoption of  fixed-focus head-lamps_ by 
several car manufacturers was probably the 
greatest advance made in 1928 and should do 
much to reduce glare. Interior lighting can be 
improved still more by using 15 or 21-cp. lamps. 
The airplane has introduced new lighting 
problems. 

No solution of the fog problem has been 
reached. Less light rather than more is de- 


sirable in a fog to reduce reflection and back 
glare. 





duction from that machine 
or group of machines is com- 
pletely reinspected. A week- 
ly warehouse inspection is 
conducted as an additional 
check. Routine and check 
tests in addition to the fore- 
going are carried on contin- 
uously to check up machine 
operation and electrical rat- 
ing of lamps and to obtain 
life data. To the best of his 
ability, the Mazda-lamp 
manufacturer endeavors to 
ship only those lamps that 
comply in every way with 
the rigid specifications cov- 
ering their manufacture. 
An extensive simplifica- 
tion program has had far- 
reaching effects. When one 
stops to realize that lamps 
are purchased by motorists 
from stores and service sta- 
tions located in every city 
and town in our Country, 
the question of stocks to 
serve all of the 24,000,000 
passenger-cars and motor- 
trucks and 90,000 motor- 
coaches is important. As a 
result of standardization, 11 
or 12 types and sizes of 
lamps take care of 90 per 
cent of the demand. By en- 
abling the manufacturer to 


from tubing on automatic machines. Filaments are 
machine wound and, for side and rear automobile lamps, 
machine mounted. Machine production, marvelously 
and minutely perfected and critically controlled, has 


greatly improved the quality and uniformity of the 
lamps. 





'M.S.A.E.—Commercial engineering department, Westinghouse 
Lamp Co.. Bloomfield, N. J. 


concentrate on these large-demand types, manufactur- 
ing and distributing economies have been effected so 
that today the user is paying only 60 per cent of the 
1920 price. To assure getting the right lamp in the 
right socket, the company with which I am associated 
prepares annually a lamp guide listing virtually all car 
models produced in the last five years and specifying 


the lamp number required for head, tail, side and in- 
strument lamps. 
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Operating Characteristics 


The curves in Fig. 1 show that the higher the tem- 
perature is at which a tungsten filament is operated, 
the greater the radiation is in the visible range. The 
use of gas instead of vacuum reduces the rate of fila- 
ment dissipation and thus makes higher operating- 
temperatures permissible. The watts consumed are 
the same for each filament in Fig. 1. 

Fig. 2 shows the effect on the eye of a given quantity 
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Fic. 1—RELATIVE DISTRIBUTION IN THE VARIOUS WAVE- 


LENGTHS OF THE ENERGY RADIATED FROM A TUNGSTEN FILA- 
MENT AT DIFFERENT TEMPERATURES 


This Chart Shows that the Higher the Temperature Is at Which 

a Tungsten Filament Is Operated, the Greater Is the Radiation 

in the Visible Range. Both Filaments Consume the Same Num- 
ber of Watts 


of energy at each wave-length. From this curve 
the maximum visual effect is seen to be obtained from 
the energy radiated in the region of 0.55 u which is 
of a green-yellow color. 

Fig. 3 shows the effect of voltage change on lamp 
efficiency, candlepower and amperes. I desire particu- 
larly to point out how extremely sensitive the incan- 
descent lamp is to any change in the applied voltage 
and how greatly even a small variation from the rated 
voltage affects the lamp performance. 
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Fic. 2—VALUE OF A GIVEN QUANTITY OF ENERGY AT EACH 
WAVE-LENGTH AS IT AFFECTS THE EYE 
The Maximttm Visual-Effect Is Obtained 


from the Energy 


Radiated in the Green-Yellow Portion of the Spectrum Corre- 
sponding to a Wave Length of 0.55 Microns 


In the automotive field we are particularly interested 
in light output expressed in candlepower. In Fig. 4 
I have shown the candlepower plotted against actual 
voltage at the lamp. This curve enables one to under- 
stand why the lamp manufacturer is so much inter- 
ested in the electrical system on the car and its proper 
maintenance by the operator. The lamp gives rated 
candlepower and life only at rated volts. The data in 
Fig. 4 are based on a 21-cp. lamp designed for opera- 
tion at 6.5 volts. If the voltage at the lamp be in- 
creased to 7 volts, the candlepower rises to 27 but 
the lamp life falls to 45 per cent of its rating. If the 
voltage at the lamp be reduced to 6 volts, the candle- 
power falls to 16.2 and the life is increased. These 
voltage effects are inherent characteristics of the in- 
candescent lamp that cannot be eliminated and em- 
phasize the need for circuit-voltage control within rela- 
tively narrow limits. 

Extensive voltage surveys conducted by the Mazda- 
lamp manufacturer indicate an average head-lamp 
socket-voltage of 6.35, and to give a factor of safety 
we are using 6.5 volts as our design for head-lamps. 
In establishing the design voltage, the voltage drop in 
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Fic. 3—EFFECT OF CHANGES IN VOLTAGE ON LAMP EFFI- 
CIENCY, CANDLEPOWER AND CURRENT 
The Incandescent Lamp Is Extremely Sensitive to Any Change 
in Applied Voltage and Even a Small Variation Greatly Affects 
the Lamp Performance 


the wiring from a reference point at the ammeter is 
taken into consideration. The greater the lamp amper- 
age is, the lower is the design voltage for a desired 
candlepower. The 32-cp. lamp gives normal life and 
light output at 6.00 volts, while the side and rear lamps 
are designed at 6.85 volts. In measuring voltage at the 
lamp, the lamps must be lighted to include the normal 
circuit-drop in the reading. For voltage measurements 
we frequently supply lamps with extra voltage-leads 
brought out of the base. 

Fig. 5 is a typical mortality curve of a large number 
of Mazda lamps burned at 6.5 volts. The curve shows 
that lamps are like human beings in that all do not 
live the same length of time. Our efforts are directed 
toward narrowing the spread in life so as to eliminate 
the early and late burnouts and assure a life for all 
lamps approaching the design life as closely as possible. 
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Differences in wire, winding, mounting and gas cause 
the unavoidable difference in life of lamps of the same 
type when operated at the same voltage. This curve 
shows also that life tests of only a few lamps of any 
type may lead to an erroneous conclusion. For this 
reason our standard specifications contain a statement 
as follows: 


By reason of the natural and inherent variations 
in individual-lamp performance, the average test- 
results of a small number of test samples cannot be 
depended upon to indicate truly the average for the 
larger quantity from which the test samples were 
selected. The table of allowable variations [See Table 
1] is devised in accordance with the observed accuracy 
of lamp-testing methods and the observed variations 
in lamp performance. 


TABLE 1—BASIC LIFE TOLERANCES 


Number Allowable Varia- 
of Lamps tion from 
Averaged Guaranteed Life, 
Per Cent 
100 and above 15 
99-40 16 
39-20 17 
19-10 18 


Experience in lamp manufacture, proper factory 
supervision, and adequate test and inspection facilities 
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Fic. 4—RELATION BETWEEN THE CANDLEPOWER OF A 21-Cp. 
AUTOMOTIVE LAMP AND THE CIRCUIT VOLTAGE 


Volts Cp. 
6.00 16.2 
6.25 18.4 
6.50 . 21.0 
6.75 24.2 
7.00 27.0 
7.25 30.4 
7.50 34.2 
With the Increase in Voltage and Candlepower to 7 and 27 Re- 


spectively, the Lamp Life Decreases to 45 Per Cent of Its Rated 
Value. Reducing the Voltage to 6 Decreases the Candlepower 
to 16.2 but Increases the Life 


are factors that play an important rdéle in assuring uni- 
formity of lamps. 


Lamp Application 


Lamps are labeled for a given voltage-range, such as 
6 to 8 or 12 to 16 volts, depending on the circuit. Al- 
though nominally rated for this range, Fig. 4 indicates 
that designed light-output is obtained only at designed 
volts. In motorcoach service, where the voltage is con- 
trolled by regulation, the design voltage of the lamp can 
be made to correspond more closely to the actual circuit 
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Fic. 5—TYPICAL MORTALITY CURVE OF A LARGE NUMBER OF 
Mazpa LAMPS BURNED AT 6.5 VOLTS 

Differences in Wire, Winding, Mounting and Gas Cause Un- 

avoidable Differences in the Life of Lamps of the Same Type 

When Operated at the Same Voltage, but Efforts Are Being 

Directed Toward Narrowing the Spread in Life by Eliminating 

the Early and Late Burn-outs and Assuring as Close an Ap- 
proach as Possible to the Design Life 


voltage which ensures the maximum light output with 
normal life. On motor-cars, the third-brush generator 
is largely used to limit the charging current. The 
range in voltage between new and old motor-cars using 
this system and between old cars operated under wide- 
ly varying conditions and adjustments presents a seri- 
ous problem to the lamp manufacturer. 

Fig. 6 shows the difference in characteristics between 
third-brush and voltage-regulated generators. Fig. 7 
gives a typical wiring diagram for a present-day car 
using the third-brush generator. It will be noted that 
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Fic. 6—DIFFERENCE IN CHARACTERISTICS BETWEEN THIRD- 
BRUSH AND VOLTAGE-REGULATED GENERATORS 
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the battery and lighting circuits starting from the 
ammeter and returning to the generator are in parallel. 
For current limitation the generator depends upon the 
armature reaction from a fairly large current-flow, 
and anything that happens in the battery circuit to 
appreciably reduce the current flow results in a higher 
voltage being applied to the lamps. When the battery 
is entirely disconnected, the generator acts substan- 
tially as a straight shunt-wound machine and builds 
up a high voltage, burning out the lamps and the field 
fuse. 

We do our best to manufacture uniform and high- 
quality lamps. Whether these lamps give satisfactory 
performance depends largely upon the conditions under 
which they are used. Where trouble is experienced we 
have generally been able to correct it by an adjustment 
of the charging rate and an overhaul of the electrical 
circuit from the generator through the battery to 
ground. The car manufacturer, the car driver and the 
lamp manufacturer are mutually concerned in satis- 
factory lighting and we ask for a continuation of the 
cooperative relations that have already been productive 
of good results. 


Automotive Lighting 


I shall not discuss here in detail the lighting units 
used today on transportation units. Better road-light- 
ing for motor-cars started when the State enforcement 
officials began to approve head-lamps as complete units 
instead of approving lenses, reflectors and what not. 
Adequate specifications have been developed by the en- 
gineering societies covering the laboratory test of 
these head-lamps as well as rear and signal lamps. 

Perhaps the real forward step made last year was the 
adoption of fixed-focus head-lamps by several car man- 
ufacturers. Fixed-focus head-lamps, if correctly de- 
signed and manufactured, should go far toward reduc- 
ing the unwholesome glare that everyone now experi- 
ences. Aiming the beams seems to be fairly well under- 
stood, but focusing the lamp to give a beam that can 
be aimed has always been a bugbear. 

The number of lamp sockets on motor-cars has in- 
creased gradually until the average 1928 car is es- 





Fic. 7—WIRING DIAGRAM FOR A PRESENT-DAY CAR USING A 
THIRD-BRUSH GENERATOR TO LIMIT THE STORAGE-BATTERY 
CHARGING-CURRENT 
The Battery and Lighting Circuits Starting from the Ammeter 
and Returning to the Generator Are in Parallel 


timated to have seven sockets. The renewal rate of 
lamps per socket has declined as a result of better 
roads, better riding-qualities, elimination of vibration, 
better electrical systems and improved lamp quality so 
that only three or four lamps per year per car are 
required. 

Interior lighting is improving and can be still further 
improved by the use of 15 to 21-cp. lamps for dome or 
panel units. Since the interior units are used for only 
short times, we certainly should have plenty of light 
when we want to read or to find something on the car 
floor. Accessory lights are increasing in number and, 
when properly used, make driving safer and more com- 
fortable. 

Motorcoach operators appreciate that 
vehicles mean more business. This applies particularly 
to motorcoaches used in city work. The airplane 
brings added requirements for lighting. The Aircraft 
Lighting Committee of the Aircraft Division of the 
Society’s Standards Committee is studying the require- 
ments for landing-lights. In addition to running and 
landing-lights, proper instrument-board and _ interior 
cabin lighting is needed. 


well-lighted 


THE DISCUSSION 


EDWARD A. Sipp’:—What is the average percentage 
decrease in mean spherical candlepower for either a 1- 
per cent voltage-drop or a 1-volt drop? 

R. E. CARLSON:—If a 10-per cent reduction in the 
voltage, from 100 to 90 per cent, is made, the candle- 
power decreases from 100 to approximately 70 per cent, 
a reduction of 30 per cent. That would be about three 
to one. 

Mr. Sipp:—Three to one in percentage? 

Mr. CARLSON:—Yes. One of the inherent charac- 
teristics of the incandescent lamp is that the candle- 
power curve and the light curve are very steep, and 
if we move one way or the other from the design voltage 
the candlepower is very materially affected. Of course, 


2M.S.A.E.—In charge of air-transportation development and 
sales department, Pyle-National Co., Chicago. 


34 .S.A.E.—Owner and general manager, Automotive Service 
Co., Chicago. 


in setting up the design voltage we take into considera- 
tion the JR drop in the leads, which generally is around 
0.75 volt and sometimes is 1.00 or perhaps 1.50, de- 
pending on the electrical system and the contact re- 
sistance. 

WALTER MARTINS’ :—Frequently, when we take a 
lamp from a sealed carton and place it in service, the 
filament immediately burns out, discolors the globe 
and forms a white film on the bulb. What is the reason 
for that? 

Mr. CARLSON :—Discoloration of the bulb by a white 
or gray film is due to air leaking through a crack in the 
glass. 

Mr. MARTINS:—Are the lamps tested before they 
leave the factory? 

Mr. CARLSON :—Our test procedure is most compre- 
hensive, as indicated in the paper. Air leaks sometimes 
develop after lamps have been in a dealer’s stock for 
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some time and may be caused by unduly rough handling. 

THEODORE R:’FARRINGTON‘:—Does not the location of 
the filaments have something to do with the perform- 
ance, and does not vibration have something to do with 
the location of the wires and cause breakage of filaments 
in the lamps? 

Mr. CARLSON :—If the filaments are closer together 
than the designed position, which is 9/64 in., the angular 
difference between the upper and the lower beam would 
be decreased. At present the top of the latter is de- 
pressed 2!» to 3 deg. Vibration, no doubt, does cause 
some failures but we have minimized that effect by using 
special wire. Design life perhaps is not as important in 
some respects as might be supposed, because half of 
the lamp failures may be due to breakage and half to 
burn-outs. 

We use argon almost entirely now for all of our gas- 
filled lamps. We used nitrogen originally, but as argon 
has better characteristics we are using it almost ex- 
clusively. All of our side and rear lamps, that is, the 
32-cp. lamps, are gas-filled now. 


Lamps to Penetrate Fog 


I wish we knew how to design lamps for use in fog. 
From time to time, particularly in aviation work, one 
hears about certain wave-lengths of light being more 
suitable for fog penetration. I have in mind some tests 
that were well controlled and well conducted by the 
Bureau of Standards in Massachusetts last year. Those 
tests showed that fer fog penetration, the difference 


‘between a tungsten-filament ‘incandeséent lamp and a 


neon lamp,is not great enough, to measure within close 
limits.- From my own experience, I think the less light 
one has in a fog the better, because the back glare im- 
pairs visibility. On the Pacific Coast, up in Oregon and 
that region, what are known as “fog lights,” are 
mounted low so that they reduce, as much as possible, 
the reflection and back glare. We have no solution for 
that problem yet; I wish we had. 

Mr. MARTINS:—Tests conducted by a reliable author- 
ity on illumination regarding the relative merits of neon 
and incandescent lamps show that, by using colored 
screens in front of the incandescent lamps, the same 
results are obtained as from the neon lamps. It has 
also been found that white light penetrates farther than 
any colored light. 

MR. FARRINGTON :—In the two-filament lamp is the 
reflector a true parabola? 

Mr. CARLSON :—The reflector varies with the type of 
equipment, some having the straight parabloid and 
others a warped surface. In general, satisfactory oper- 
ation can be obtained with either. Perhaps you have 
noticed some types of lens with a sort of half moon 
across the top and one across the bottom, or some others 
having that same characteristic in the reflector. The 
purpose of that type of lens or reflector is to control the 
distribution of light so as to make the beam less sensi- 
tive to change in position of the filament; in other 





‘A .S.A.E Instructor in automotive shop mechanics, Lindbolm 
High School, Chicago. 


‘Illuminating engineer, Pyle-National Co., Chicago. 


words, to give a fixed-focus lamp which several car mak- 
ers adopted last year. I think the use of fixed-focus 
equipment will go a long way toward eliminating much 
of our needless glare. 


Fixed-Focus Lamps Eliminate Glare 


I suppose we shall always have glare. If you want to 
see well, you need to light the object viewed to an in- 
tensity of approximately a foot-candle, which means 
that if the object is some distance away you need 35,000 
or 40,000 beam cp. Unless the beam is carefully con- 
trolled so as to keep it below the level of the approach- 
ing driver’s eyes, glare is inevitable. 

MR. FARRINGTON :—Was that lamp you referred to 
the Ileo-Ryan type or some other? 

Mr. CARLSON :—The Ilco-Ryan light is a fixed-focus 
type of equipment and is most interesting mechanically 
because the reflector moves inside the lamp housing and 
is controlléd by a screw at the back which simplifies 
aiming. 

MR. FARRINGTON :—I do not know that I understand 
just what is meant by permanent focus. 

MR. CARLSON :—Chevrolet and Whippet cars have a 
fixed-focus lamp in which no focusing screws are located 
on the back of the head-lamp housing. The head-lamp 
is designed and made so that the beam produced does not 
change greatly with change in filament position within 
certain limits. This makes possible the changing of 
burned-out lamps without refocusing, which was nec- 
essary in the older types of equipment. One of the 
troubles has been to focus the lamp to give the proper 
beam. Most people understand aiming the beam, that 
is, pointing the light down the road, but in the past 
before aiming the beam correct focusing of the lamp 
has been necessary to give the proper shape to the beam. 

CHARLES RAE’ :—What is the pressure of the argon in 
the bulb, and just what are the advantages of the cor- 
rugations in the glass? 

Mr. CARLSON :—The gas is put in so that when the 
filament is lighted it is at about atmospheric pressure. 
The corrugations are useful, particularly on the two- 
filament lamp. In the two-filament lamp as we use it 
today for most cars, the filaments are equally spaced 
from the axis of the lamp. This means that when one 
filament is lighted an image is produced which does not 
coincide with the lighted filament, and the purpose of 
the corrugations is to act as a small iens and break up 
this image so that it will permit of better adjustment 
of the lamp and better focusing. In the case of the 
single-filament lamp, the corrugations have somewhat 
the same effect, and they are retained for standardiza- 
tion in manufacture. 

Mr. RAE:—Has the lamp bulb any greater strength 
because of the corrugations? 

Mr. CARLSON :—I do not believe that the corrugations 
themselves contribute to the increased bulb-strength 
cbtained in the new type of lamp. We have standards 
that are used to obtain uniformity in the corrugations. 
Lamps for headlighting service have recently been 
changed by making the bulbs smaller, which has added 
to their strength. 








Los ANGELES 
AERonavuTIC MEETING PAPER 


ERONAUTIC experimentation by means of wind- 

tunnels is followed by the author from the early 
efforts of the Wright brothers and Eiffel, and lack 
of agreement in the results obtained in the various 
early wind-tunnels is explained as due in part to their 
small size. 


The objectives of the California Institute of Tech- 
nology and the trustees of the Daniel Guggenheim 
Fund, in establishing the School of Aeronautics as a 
center of advanced research and a training school 
for experimenters, are outlined. 


VEN before the days of the Wright brothers, 

there were a considerable number of aeronautical 

and hydrodynamical investigators. The experi- 
mental work of most of these men was conducted in a 
very crude manner, as tests were made on small models 
in free air, either by gliding the models above hillsides 
or by towing them behind rapidly moving objects on the 
ground. It is obvious that no exact measurements of 
forces, moments, or other aerodynamic characteristics 
could be obtained by this type of experimentation. 

The Wright brothers discovered early in the course 
of their work that not enough information was avail- 
able concerning the forces experienced by bodies mov- 
ing through the air. Hence they constructed an ele- 


1 Assistant professor of aeronautics, Daniel Guggenheim Gradu- 
ate School of Aeronautics, Pasadena, Calif. 
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The Institute wind-tunnel is round in section and 
constitutes a closed circuit. Deflecting vanes at the 
corners serve to change the direction of the air with 
little loss of energy and keep the rate of flow almost 
uniform throughout the area of the working section. 
The material used is concrete, with wood for the 
working section and removable sections. An idea of 
the size of the tunnel is given by the photographs and 
the sectional drawing, which shows that it extends 
from the sub-basement level to the third-floor level. 
The main dimensions of the tunnel are given. 


mentary form of wind-tunnel, consisting of a large- 
diameter pipe through which a current of air was in- 
duced to flow by means of a blower. With this appa- 
ratus they measured the forces on a few elementary 
surfaces. Their work was not scientifically accurate in 
the modern sense, but it illustrated the method which 
has been used very successfully ever since. 

Although the idea of the wind-tunnel is old, it is 
generally conceded that the first really scientific work 
using this device was done by Eiffel, early in the present 
century. He realized the need for an exhaustive series 
of experiments under controlled conditions to determine 
the forces on the various simple and the more complex 
bodies which are met with in aerodynamics. Hence he 
constructed what would now be regarded as a small 
wind-tunnel, in which he conducted a very careful series 
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of tests, some of which are still accepted as standard. 
These investigations are often considered as marking 
the beginning of the modern science of experimental 
aerodynamics. 

At about the same time that Eiffel started his work, 
other experimenters in various countries took up the 
idea and installed wind-tunnels. In particular, tunnels 
of a different type from Eiffel’s were very early set up 
by Riabouchinsky, in Russia; Prandtl, in Germany; and 
Zahm, in the United States. Very shortly after the 
installation of these preliminary laboratories, a large 
number of smal] wind-tunnels were constructed both in 
Europe and in this Country, so that a condition 
soon arose in which the designer, instead of being handi- 
capped by lack of knowledge of the forces on the bodies 
in which he was interested, was rather embarrassed by 
the enormous mass of experimental data, much of which 
was conflicting and very little of which could be relied 
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Fic. 1—VERTICAL SECTION THROUGH THE WIND-TUNNEL AT CALIFORNIA INSTITUTE OF TECHNOL- 





a large extent by two factors: the so-called scale effect 
and the turbulence effect. Scale effect is conveniently 
discussed in terms of the Reynolds number which, for 
a series of geometrically similar bodies and for con- 
stant density and viscosity of the fluid medium, is 
proportional to the product of the velocity of the fluid 
relative to the body and a linear dimension determining 
the size of the body. Hence model tests normally cor- 
respond to a small Reynolds number, while full-scale 
conditions correspond to a large one. 

It was discovered that most of the aerodynamic co- 
efficients exhibited the same sort of behavior with re- 
spect to the Reynolds number; namely, if a curve be 
plotted with the coefficient as ordinates and the Rey- 
nolds numbers as abscissas, it goes up or down fairly 
steeply at small Reynolds numbers but flattens out 
and seems to approach a horizontal asymptote at larger 
values. Most of the early wind-tunnels were small and 
had a low wind veloc- 
ity; therefore the 
early tests were made 
at small values of the 
Reynolds numbers, 
which explains the 
large discrepancies 
between the tests and 
full-scale results and 
also their deviations 
among themselves. 

Recently the ten- 
dency has been, in 
view of this scale 
effect, toward wind- 
tunnels capable of 
testing larger and 
larger models at 
higher and _ higher 
wind velocities, so 
that the Reynolds 
number shall be such 
that the coefficients 
measured may lie on 
the asymptotic part 
of the curve and have 
approximately their 


Third Floor Level 





OGY full-scale values. In 
The Tunnel Section Is Circular Throughout. Floor Levels and the Principal Dimensions, Which Are this way it is now 
Given, Indicate the Size of the Installation 


upon. The results from the various tunnels often failed 
to agree, and the large amount of experimental data 
was not correlated or systematized in any very useful 
way. A very serious further difficulty lay in the fact 
that the transformation of results from model to full- 


scale conditions could not be accomplished with satis- 
factory accuracy. 


Reasons for Early Erratic Results 


Aerodynamic forces and moments are expressed most 
conveniently in terms of dimensionless coefficients 
which, as a first approximation, are assumed to be 
constant for geometrically similar bodies. It was the 
variation in these supposedly constant coefficients from 
laboratory to laboratory and from model to full scale 
which was causing a large part of the trouble. A con- 
siderable amount of experimental and theoretical work 
finally indicated that these variations were caused to 


possible to get fairly 
good agreement 
among various laboratories and also between model and 
full-scale tests. The difficulty with this development in 
wind-tunnel technique is that the large size and power 
required make the modern wind-tunnel a very expensive 
piece of apparatus to build and operate. 

Much less is known about the turbulence effect, which 
has to do with the amount of turbulence or eddy motion 
in the windstream acting upon the object under investi- 
gation. However, it seems that, given a fairly large 
value of the Reynolds number, the most desirable thing 
in a wind-tunnel is to have the windstream as free from 
turbulence as possible, so as to approximate as nearly 
as possible conditions in the free air. This factor was 
taken into account in deciding upon the type of our 
wind-tunnel, as I shall mention later. 

The enormous advance on the theoretical side of aero- 
dynamics and the higher Reynolds number of the more 
recent model-tests have led to a simplification and co- 
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ordination of experimental results since the war. The 
theory of infinitely long airfoils was developed at the 
beginning of the present century, in both Russia and 
Germany; and Dr. Prandtl, of Géttingen, Germany, laid 
the foundations during the war for the completion of 
this work by his brilliant investigations on the thecry 
of the wing of finite span. 

Other phases of theoretical aerodynamics have also 
made remarkable progress during the last few years, 
and this recent theoretical knowledge has made it pos- 
sible to systematize and coordinate a large amount of 
the existing experimental data so as to make them 
readily available to the trained engineer. The existing 
information on aerodynamics enables the experimental 
investigator to conduct his work with some insight into 
the directions which are likely to be most productive 
and profitable. 

Simultaneously with these developments, the aero- 
nautical field has become enormously broader and more 
complex, so that the complete aeronautical laboratory 
must now carry on investigations in a wide range of 
different fields. A few of these are flight testing, 
engine testing, material testing, meteorology, naviga- 
tion, airports and economics, as well as the various 
pertinent phases of the fundamental science of dy- 
namics. No private institution can hope to maintain 
anything like a complete aerodynamical laboratory, but 
must rather confine itself to a few branches of the gen- 
eral field of aeronautics. 


An Institute of Higher Research 


The California Institute of Technology has had con- 
nected with it for some years a rather unusual group 
of mathematical and theoretical physicists. For this 
reason it seemed to the trustees of the Daniel Gug- 
genheim Fund to offer an ideal place for the establish- 
ment of an aerodynamical institute which should com- 
bine fundamental experimental research with the some- 
what involved and complex theoretical investigations 
which have till now been carried on to a large extent 
in Germany and England, or by pupils of the German 
schools. The first of the major objectives of the new 
institute was to furnish a place in which fundamental 
research could be carried on, with the object of cor- 
relating theoretical investigations with accurate ex- 
perimental tests. The second objective was the train- 
ing of young men who would be capable of carrying 
on the same type of work in other places. Most of 
the aerodynamical investigators in this Country at 
present have been trained as engineers and not as 
scientists, but there is need for a certain number of 
men with somewhat more scientific training to assist 
in carrying on the work of the larger laboratories. 
The third major purpose of the institute was to develop 
a more or less normal type of aeronautical engineering 
course. It was felt that these three purposes could 
well be achieved simultaneously. 

In view of these objectives and also of the scale- 
effect question mentioned, it was decided to install as 
the central feature of the new laboratory as large and 
powerful a wind-tunnel as was possible and economical. 
Dr. Théodor von Karman, head of the Aerodynamical 
Institute at Aachen, Germany, who is now a part-time 
member of the California Institute staff, spent two 
months in Pasadena at the time the plans for the labo- 
ratory were being formulated. Consequently the type 
of the wind-tunnel and its general dimensions are due 
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to him, but most of the details had to be worked out 
later in his absence. 

Several types of wind-tunnel are now in use, most 
of which are represented in this Country. The first 
and perhaps the simplest is the venturi type, which 
consists merely of a large venturi tube with a pro- 
peller or fan near the exit end. Models are supported 
in the region of the smallest diameter, where the 
velocity is highest. The venturi shape is used for rea- 
sons of efficiency, to get the highest possible velocity 
with a given expenditure of power. A difficulty with 
this type of tunnel lies in the excessively large room 
required to house it. A large space surrounding the 
tunnel is necessary for the air to circulate through 
the room from the exit end back to the entrance cone, 
to prevent the velocity of the returning air from being 
objectionably high. 

The other general type is the closed-circuit tunnel, 
in which the air is led from the exit cone back to the 
entrance cone through a closed tube, so that a large 
building space for this return is not necessary. This 
type of tunnel has not generally been thought to be 
as efficient in regard to power consumption as the 
venturi type, but the very considerable saving in space 
and the fact that it is inherently quieter are strong 
arguments in its favor. Experience seems to show, 
also, that the closed-circuit type has a smaller amount 
of turbulence in its windstream than does the venturi 
type. These considerations led to the final decision to 
install a tunnel of the so-called G6ttingen type, in which 
the air circulates continuously through a tube. In our 
case, the tunnel is so arranged that the return passage 
is vertically beneath the working chamber in which 
the models are suspended. 


Closed Tunnel of Circular Section 


Fig. 1 is a vertical section through the center-line 
of the wind-tunnel, giving the principal dimensions and 
a general view of the arrangement. A unique feature 
lies in the fact that the cross-section of the tunnel is 
circular throughout, which may partly account for the 
remarkably good performance which has been attained. 
The tunnel structure is entirely of reinforced concrete, 
or gunite, with the exception of the removable sections 
in the observation room, and the entire system is sepa- 
rated from the building so that no vibrations originat- 
ing in the tunnel will be transmitted to the building 
structure, which supports the measuring apparatus. 
The removable sections are built of 2-in. redwood planks 
and were constructed by a wood-pipe manufacturer in 
the normal way, with steel circumferential tension 
bands to maintain the circular shape. This method of 
construction is comparatively cheap and has proved 
very satisfactory, although it had not been used for 
this purpose heretofore. 

The entire inside of the concrete portion of the 
tunnel was painted with a water emulsion of asphalt 
so that the air in the tunnel remains perfectly clean 
and free from dust, even at the highest wind-speeds. 
The tunnel expands with a straight conical taper, hav- 
ing a vertex angle of approximately 8 deg., from a pojnt 
just downstream from the working section to the lower 
right-hand corner, as shown in Fig. 1, where it attains 
its maximum diameter of 20 ft. 

Horizontal deflecting vanes at the four corners serve 
to turn the air through a 90-deg. change in direction 
with very little loss of energy. The vanes were copied 
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from a design determined years ago by Dr. Betz, of 
Gottingen, although the construction is very different 
from that employed at Géttingen. The vanes were 
made for us by a sheet-metal manufacturer, from 10 
and 14-gage sheet-steel, with internal ribs and beams 
of the same material. The vanes at the two left-hand 
corners in Fig. 1 are constructed so that cold water 
can be circulated through them to cool the tunnel, if 
the temperature rise becomes excessive. So far it has 
not been necessary to go to this trouble, but it may 
have to be done if tests are undertaken that require 
a long period of uninterrupted running at high speed. 
One set of these vanes is shown in the title illustration. 


Removable Sections Are of Wood 


It is very convenient for some purposes to be able 
to support the model in a free jet of air instead of 
inside a closed tube, and either or both of the remova- 
ble sections, shown in Fig. 2, can be removed entirely 
for this purpose. To date the tunnel has been operated 
both closed and with the downstream removable sec- 





Fic. 2—WorRKING SECTION OF THE WIND-TUNNEL 


The Detachable Section Has Been Removed. The Pitot Bar for 
Measuring Velocity Distribution Is Visible 


tion out, as seen in Fig. 3. When the tunnel is being 
operated with the working section closed, the model 
can be observed through two large cylindrically curved 
plate-glass windows on opposite sides of the working 
section. 

The air in the tunnel is circulated by means of a 
four-bladed propeller-type fan 15 ft. in diameter, which 
was designed for the purpose by Prof. E. P. Lesley, 


of Stanford University. The fan is mounted directly 
on the shaft of a 500-hp. direct-current motor, to which 
current is furnished from a special motor-generator 
set adjacent to the wind-tunnel. The motor and its 
supports have been totally enclosed in a very carefully 
worked-out streamline fairing, as can be seen from 
Figs. 1 and 4. A modified Ward-Leonard system, simi- 
lar to that used for the first wind-tunnel of the National 
Advisory Committee for Aeronautics, furnishes very 
accurate speed regulation over virtually the entire 





Fic. 3—WIND-TUNNEL ARRANGED FOR OPEN WORK 
The Collecting Flare and Pitot Bar Are Shown 


range from zero to the maximum of nearly 900 r.p.m. 
The motor has a high overload rating, so that it can 
be operated for a 2-hr. period while delivering approxi- 
mately 750 hp. 

Several months were spent in improving the flow, 
after the tunnel was first run, to make the air velocity 
as uniform as possible across the working section. 


This equalization usually is accomplished by means of 
honeycombs, which consume a considerable amount of 
power in frictional losses; but the result has been 
accomplished in a somewhat different way in this tun- 
nel. Sheet-metal strips with chords of 6 or 8 in. were 
attached to the trailing edges of certain of the deflect- 
ing vanes, and the flow was altered by bending these 
flaps. The interesting fact was discovered that the 
flaps at the corner just ahead of the propeller had 
the greatest effect, apparently because of a tendency 
toward instability in the flow in the expanding cone 
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behind the propeller. It was finally possible, by careful 
adjustment of these flaps and without any honeycomb 
at all, to attain a condition in which the maximum 
deviation from a standard reference velocity at full 
speed, over a circle 6 ft. in diameter at the working 
section, was less than plus or minus 0.7 per cent when 
operating with closed working section. The deviations 
are slightly larger with open working section, but still 
well under 1.0 per cent. 


Tunnel Is Efficient and Adaptable 


The efficiency of wind-tunnels is normally measured 
by the so-called energy ratio, which is defined as the 
ratio of the kinetic energy of the air, passing a given 
cross-section of the working section, to the power 
input to the driving fan or propeller. An energy ratio 
of something like 14% or 2 was anticipated, in view 
of the known performance of previous wind-tunnels of 
this general type. Consequently, the observed values 
of 5.2 with closed working section and 3.6 with open 
section were both very pleasing and somewhat mystify- 
ing. The reason for this surprisingly high efficiency 
is still very doubtful, but the most probable explana- 
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in turn is hung by rods from the balances which 
measure the forces. These balances, which are now 
being constructed and calibrated, are of the beam and 
knife-edge type, balanced automatically by a small elec- 
tric motor mounted on the beam to move the balancing 
weight along the beam by means of a screw. The 
direction of rotation of the motor is determined by the 
position of the beam. This type of balance has been 
widely used in wind-tunnel work, but ours differ con- 
siderably from those which have been used before, 
chiefly because of the comparatively large forces they 
will be called upon to measure. An interesting feature 
of the sub-frame type of model support, such as is 
being installed, is that changes in the attitude of the 
model can be made by means of small winches, driven 
by motors mounted on the frame, without disturbing 
the positions or arrangement of the balances. 
Substantially the entire energies of the small staff 
of the laboratory have gone into the development of 
the wind-tunnel, so that the other facilities of the 
laboratory are still little developed. The item next in 
size to the wind-tunnel is the water-channel, which is 
140 ft. long, 10 ft. wide, and 10 ft. deep. It is planned 





Fic. 4—Two VIEWS OF THE PROPELLER AND MoToR 


tions lie in the large size of the tunnel and more 
especially in the fact that the cross-section is circular 
throughout. The maximum speeds for comfortable 
operation are about 200 m.p.h. with closed working 
section and 175 m.p.h. with open section. Hence it 
should be possible to work at a Reynolds number ap- 
proaching very closely to the full-scale value, under 
certain conditions, as a model with 6-ft. span can be 
very well accommodated in the tunnel. 

Models of airplanes, wings and other parts are to 
be supported, for normal tests, by wires from an 
auxiliary frame above the windstream. This frame 


to run a light car, on rails above, from one end to the 
other of the channel. This car will carry models and 
recording apparatus for the investigation of the various 
problems in aeronautics that have to do with surface 
effects on water. The water-channel is also equipped 
with a large plate-glass window in the side, so that 
under-water effects can be studied visually and photo- 
graphically. 

Other facilities of the laboratory include an engine- 
testing laboratory, a structural laboratory, two small 
metallurgical laboratories, and rooms and equipment 
for various kinds of physical and chemical research. 





— Symposium on Fuel-Mixture 
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me | Several phases of the subject of distribution of fuel mixtures in multi-cylin- 
ba der engines were presented at the Mixture-Distribution Conference at the 1929 
. Semi-Annual Meeting, and these were discussed following the presentation of 
he the following papers: Effect of a Centrifugal Supercharger on Fuel Vaporiza- 
n tion, by Prof. C. Fayette Taylor’; Fuel-Mixture Distribution, by Dr. M. J. 
1g Zucrow’; Balancing Power-Output in Multi-Cylinder Engines, by Prof. H. M. 
Jacklin; and a Report on Air-Fuel-Ratio Tests, by H. W. Best. The papers by 
ff Professor Jacklin and Mr. Best, printed herewith, are each preceded by an ab- 
of stract and are followed by written discussion summarizing checking-up tests 
he made at the Massachusetts Institute of Technology on the accuracy of air-fuel 
in ratios determined by exhaust-gas analysis. An abstract of the paper by Pro- 
is fessor Taylor is reprinted for the convenience of readers, and is followed by 
od written discussion on the subject. In addition, the general discussion follow- 
ing the presentation of the material already outlined is printed, also preceded 
by an abstract. 
Balancing Power-Output in Multi-Cylinder Engines 
By H. M. Jackin * 
A*® INVESTIGATION of the problems of fue!- The effects of pulsations in the manifold of an en- 
mixture distribution in the cylinders of internal- gine having a rather complicated manifold system are 
combustion engines recently initiated at Purdue Uni- studied by means of lower-loop light-spring diagrams, 
versity is outlined by the author, who states his be- and diagrams obtained from six cylinders of an engine 
lief that the material submitted in his paper demon- operating at about 0.7 load at 1400 r.p.m. are an- 
strates that it is necessary to “get inside” an engine alyzed. 
cylinder to obtain satisfactory data. He therefore The effects of changing the mixture delivered to 
presents and comments upon indicator diagrams from’ one cylinder of an automobile engine are also illus- 
tests made on the road and in the laboratory. trated and analyzed. 
; HYTHM of sound and of torque reaction in an’ the greater part of the work when the engine was idled 
i Rosine are, after all, of paramount importance at 1600 r.p.m.; the other cylinders showed an increas- 
in that they are quickly sensed by the passen- ing tendency to misfire, from cylinder No. 2 to cylin- 
gers in a motor-vehicle, who are the persons who hand der No. 4. The two diagrams obtained on a substan- 
down the final judgment. Distribution then becomes a _ tially level road at 20 m.p.h. in direct drive showed 
means to an end, and that end is the attainment of that cylinder No. 1 was doing the major part of the 
equal power-output from the several cylinders. work, while cylinder No. 4 was missing every third or 
The only way to be certain of the happenings within fourth time. Fig. 2 shows that all cylinders fired well 
1€ an engine cylinder is to make observations therein, and ona hill. These diagrams were taken while running in 
id this necessitates some measuring instrument. Indicator low gear. The outputs from the several cylinders were 
us diagrams are therefore presented which show the re- substantially equal and all were about equal to that of 
ce sults of experimental work, a considerable amount of cylinder No. 1 on the level road. Since the float bowl 
od which was done on the road. Figs. 1 to 6 are con- of the carbureter was mounted forward, a richer mix- 
at cerned with tests on a 1923 four-cylinder Oldsmobile. ture resulted, and this apparently was distributed very 
O- Fig. 1 shows diagrams obtained at French Lick well, since all cylinders delivered their full share of the 
Springs, Ind., in June, 1926. Cylinder No. 1 was doing work. While it is not certain that the 16-per cent grade 
e- “Thee Sa Jovueat. July. tts a ee ee ee a ke OS eee eee balance of output, 
all sociate professor at the Mansachusctts ‘Institute of Technology, it is thought that it probably had some effect, since 
nt Cambridge, Mass., and a Member of the Society. 


2See S.A.E. JOURNAL, October, 1929, p. 398. Dr. Zucrow is 
research associate at the Engineering Experiment Station, Purdue 
University, Lafayette, Ind., and a, Member of the Society. 

8 M.S.A.E.—Associate professor of automotive engineering, 
Purdue University, Lafayette, Ind. 


liquid flows toward the lowest point. 

The operation of this car was entirely satisfactory 
to John Younger, H. A. Huebotter and myself; but, in 
an effort to improve it, I made the gadget shown in 
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Fig. 3. This was a sheet-copper plate having a lip 


turned down over the idling jet of the carbureter. The 
lip was intended to carry the raw fuel to points 90 deg. 
around the riser so that the fuel might travel upward 
along the manifold with a better chance of being di- 
vided: equally to the several cylinders. Idling diagrams, 
Fig. 4, show that this scheme was successful under this 
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Fic. 1—First INDICATOR DIAGRAMS TAKEN ON A MOVING 
AUTOMOBILE, JUNE 2 AND 3, 1926, SHOWING VARIATIONS 
AMONG THE FOUR CYLINDERS WITH THE ENGINE IDLING AND 
WHEN ON A SUBSTANTIALLY LEVEL ROAD 
Diagrams for Cylinders Nos. 1, 2, 3 and 4 Were Taken at an 
Idling Speed of 1600 R.P.M., the Results Being Shown in the Four 
Upper Diagraras. The Lower Diagrams for Cylinders Nos. 1 and 
4 Were Taken, Respectively, on a Run from French Lick to West 
Baden, Ind., and Return at a Speed of 20 to 22 M.P.H. on a 
Rolling Brick Pavement 


operating condition. The four lower diagrams were 
obtained at 20 m.p.h. on a level road near Columbus, 
Ohio, while a student was driving the car after he had 
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Fic. 2—DIAGRAMS TAKEN ON THE UPPER PART OF THE HILL 

AT FRENCH LICK, IND., FROM THE ENGINE USED AS FOR FI. 

1 WHEN PULLING A CAR UP A 16-PER CENT GRADE AT A 
SPEED OF 9 To 10 M.P.H. IN Low GEAR 








learned to use the throttle lever. Operating conditions 
were rather poor, although cylinder No. 4 did more 
work than in the run at French Lick Springs. 

The fitting shown in Fig. 
the advice of 
Mr... Huebotter, 
and placed im- 
mediately above 


5 was then constructed on 


the carbureter aa 
throttle The | ee 
ae n ae Oe, 1 oq? ; 
in Fig. 6 show 
the effect of 


this fitting when 
the engine was 
idling and when 
the car was 
operating on the 
road at 25 





mph near 

East Lansing, ’ ‘ 

aa’! * wan Fic. 3—GADGET FOR IMPROVING DISTRI- 
so astonished BUTION AND POWER BALANCE IN AN 


with the change ENGINE 

in the engine 

after putting this fitting into place that I immediately 
asked Mr. Younger to drive the car, without telling him 
of what I had done. His reaction was that it was very 
much improved, being smoother and also quicker in the 
get-away. The road diagrams were obtained later and 
bore out our observations. Two other distinct gains 
resulted from this change. A bad rough spot at 38 
m.p.h. disappeared and the fuel-consumption mileage 
was increased from about 15.5 to more than 17.0 miles 


per gal. with no other changes. The car has since made 
ylinder No / ‘viinder No 
SS—_ = 
y/ nder No.4 
.... Setiiees 
Cylinder No.2 
No 3 hi ride: 
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Fic. 4—DIAGRAMS SHOWING THE EFFECTS, OTHER THAN AT 
Top SPEED, OF THE GADGET SHOWN IN Fic. 3 

The Upper Four Diagrams for Cylinders Nos. 1 to 4 Were Taken 

with the Engine Idling at a Speed of 1600 R.P.M. The Lower 

Four Diagrams Were Taken on,the Road at 20 M.P.H., at Which 

Speed the Diagram for Cylinder No. 4 Indicates That It Was 


Misfiring 
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Fic. 5—MANIFOLD EXTENSION THAT WAS MAIN- 

TAINED JUST ABOVE THE CARBURETER OF THE FOUR- 
CYLINDER ENGINE 


Note That There Was No Restriction of the Passage; the 
Annular Grooves Serve to Fuel-Flow 





Equalize the 
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Fic. 6—DIAGRAMS TAKEN WITH THE MANIFOLD EXTENSION 
SHOWN IN FIc. 5 IN PLACE 
The Upper Diagrams for Cylinders Nos. 1 to 4 Were Taken with 
the Engine Idling at a Speed of 1600 R.P.M. The Lower Dia- 
grams Were Taken on a Road at East Lansing, Mich., at 25 
M.P.H., at Which Speed the Absence of Misfiring in Any Cylinder 
Should Be Noted. The Idling Diagrams also Indicate Evenness of 
Operation 


trips of up to 350 miles in which it 
averaged 21 to 23 miles per gal., 
which is an excellent performance 
for this car. Its performance on 
hills has been exceptional; so, while 
I have no diagrams under such con- 
ditions, I judge that the effects 
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Fig. 7—DIAGRAMS FROM A SIX-CYLINDER ENGINE EQUIPPED 
WITH A COMPLICATED MANIFOLD SYSTEM 
These Diagrams Show the Effect of Manifold Pulsations on the 


Pressures within the Cylinders During the Inlet and the Exhaust 
Strokes 


fold. Fig. 7 shows lower-loop diagrams, made with a 
light spring in the indicator, obtained from an engine 
having a rather complicated manifold system. Appar- 
ently, we hit upon a load and speed that gave excessive 
resonance effects that were not present at the same 
speed with a heavier load; the resonant condition with- 
in the manifolds therefore seems dependent upon at 
least two variables and probably will be very hard to 
control on that account. Fig. 8 shows these diagrams 
developed to show the effects within the cylinders in 
reference to the crankpin positions for the piston in 
cylinder No. 1. The pulsations occurred in both mani- 
folds at substantially six times engine speed and caused 








shown in Fig. 2 have not been 
changed particularly. The effect of 
the fitting has been to throw the 
liquid fuel into the center of the air- “9 9 720 
stream above the carbureter, instead 
of allowing it to travel upward 
along the forward wall of the verti- 
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cal section of the manifold. 
Manifold-Pulsation Effects 


Figs. 7 and 8 are concerned with 
the effects of pulsations in the mani- 


Fic. 8—CRANK-ANGLE-PRESSURE COMPOSITE-DIAGRAMS CONSTRUCTED FROM THE 
PRESSURE-VOLUME DIAGRAMS OF FIG. 7 
Pressures in the Cylinders During the Inlet and Early Compression Strokes Are In- 
dicated in the Upper Diagram and Those During the Exhaust Strokes in the Lower 
Diagram. The Diagrams Show That Pulsations Occur under Certain Conditions at 
about Six Times Engine Speed 
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Fic. 9—PRESSURE-VOLUME, OFFSET-PRESSURE-VOLUME, AND LOWER-LOOP DIAGRAMS FROM A SIX-CYLINDER ENGINE 


An Analysis of These Diagrams Is Presented in Table 1 
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TABLE 1—ANALYSIS OF PRESSURE-VOLUME, OFFSET PRESSURE-VOLUME, AND LOWER-LOOP 
DIAGRAMS IN FIG. 9, FROM AN ENGINE OPERATING AT ABOUT 0.7 MAXMIUM LOAD AT 1400 























R.P.M. 
Maximum Compression Indicated Pumping 
Pressure Pressure, Ratio of Mean Mean Mean 
Occurs Maximum Lb. above Absolute Height of Effective Mean Effective Apparent 
After Top Pressure, Atmospheric Maximum Pressure- Pressure, Height of Pressure Volumetric 
Diagram Dead-Center, Lb. above at to Absolute Volume Lb. Per of Lower- Lb. Per Efficiency, 
No. Deg. Atmospheric Dead-Center Compression Diagram Sq. In. Loop Diagram Sq. In. Per Cent 
305+14 70+14 3,89 0.983 102.2 0.206 4.13 82 
Variation ——-—-—-- —— —S en —-— — 
279+14 68 +14 3.51 0.904 93.9 0.167 3.34 68.4 
= 1.09 Per = 1.025 Per = 1.11 Per = 1.09 Per = 1.09 Per = 1.234 Per = 1.236 Per = 1.20 Per 
Cent Cent Cent Cent Cent Cent Cent Cent 
i¢ 28 / 305 68 3.89 0.916 95.2 0.167 3.34 77.0 
2° 28/ 279 68 3.57 0.963 100.0 0.206 4.13 82.0 
3° 30/ 295 68 3.76 0.904 93.9 0.170 3.40 75.5 
4¢4 24f 302 70 3.76 0.945 98.3 0.172 3.44 70.3 
5e 27/ 299 68 3.82 0.983 102.2 0.176 3.52 70.5 
6e 25/ 295 68 3.76 0.954 99.0 0.171 3.42 68.4 





«Well filled cylinder, but lean mixture. 


> Leanest 
filled. 


¢ Also lean but not so well filled. 


mixture, compensated by ramming. Cylinder well 


Lowest output. 


€@ Richer mixture, good output on low filling. 


a variation of pressure of as much as 5 lb. per sq. in. 
during the inlet and exhaust strokes, as in cylinder 
No. 2. Cylinder No. 6 had a variation of slightly more 
than 6 lb. per sq. in. during the inlet stroke, which was 
the maximum. It is probable that the actual pressure 
variations in the manifolds were greater than these; 
and it is regretted that no diagrams were obtained to 
show them, as could easily have been done. 

Figs. 9 and 10 and Tables 1 and 2 relate to diagrams 
obtained from six cylinders of an engine operating at 
about 0.70 load at 1400 r.p.m. Fig. 9 and Table 1 show 
the effects when using a certain carbureter with its 
air valve forward and with its throttle axis transverse 
to the engine axis. The pressure-volume, offset pres- 
sure-volume, and lower-loop diagrams present a fairly 
complete picture of the “power balance” of the engine, 
which seemed rather rough in operation, probably be- 
cause of the 9-per cent variation in output from the 


¢ Apparently getting most powerful mixture since not well filled, 
but giving best outputs except cylinder No. 2, while cylinder No. 


5 is probably richest mixture of all. 


_f Since ignition presumably occurred at the same point in all 
diagrams, late attainment of maximum pressure indicates either 
a lean or a very rich mixture. Compare with apparent volumetric 
efficiency. 


those who observed the engine in operation under the 
two conditions was that the second carbureter-assembly 
gave much smoother operation. The operation was 
marred, however, by the tendency of the sixth cylinder 
to detonate, as is apparent in the diagrams with both 
carbureters, the tendency being greater with the second 
carbureter. This tendency was thought to be due to a 
hot-spot within the combustion-chamber, which was 
later verified, as we found that errors had been made 
in the machine-shop which resulted in a very sharp 
edge at one side of the combustion-chamber. 

This material is offered to present the following 
project, which has already been started, and we shall 
appreciate any and all suggestions. It is proposed to 
investigate distribution itself, as follows: 

(1) To provide a relatively simple and easily used 


indicator whereby diagrams can be obtained 
from all cylinders. Another similar indicator 


several cylinders caused by the ap- 
parent variations in mixture 
strength. It is thought that the dia- 
grams and the analysis bring out 
the various differences very clearly 
without recourse to mathematics to 
any great extent. These results 
were available inside of 48 hr. after 
the set-up was started. 

Fig. 10 and Table 2 show the dia- 
grams from and analysis for the 
same six cylinders as for Fig. 9 and 
Table 1, but with a different car- 
bureter, which had its air inlet for- 
ward as with the first one but with 
the throttle axis arranged parallel 
to the engine axis. Lower-loop dia- 


grams were not obtained in this 
second case, but the analysis in 
Table 2 shows that there was a 


variation among the cylinders of but 
6 per cent in the power output. 
The consensus of the opinions of 


TABLE 2—ANALYSIS OF THE PRESSURE-VOLUME AND OFFSET PRESSURE-VOLUME 
DIAGRAMS IN FIG. 10, FROM AN ENGINE OPERATING AT AROUT 0.72 MAXIMUM LOAD 
AT 1400 R.P.M. WITH CARBURETER ASSEMBLY NO. 2 


Compression Indicated 
Maximum Maximum Pressure, Ratio of Mean 
Pressure Pressure, Lb. Lb. above Absolute Mean Height Effective 
Occurs after above At- Atmospheric Maximum of Pressure- Pressure 
Diagram TopCenter, mospheric at Dead to Absolute Volume Lb. Per 
No. Deg. Center Compression Diagram Sq. In. 
307 +14 76+14 3.65 0.976 101.5 
Variation —— —~ - 
288 +14 74+14 3.43 0.921 95.7 
= 1.062 Per =1.022 Per =1.065 Per =1.06 Per =1.06 Per 
Cent Cent Cent Cent Cent 
72 22 307 74 3.65 0.946 101.6 5 
82 22 293 75 3.45 0.940 97.8 
ga 26 300 74 3.56 0.973 101.2 
10° 25 297 76 3.46 0.921 95.7 
11¢ 25 297 74 3.52 0.957 99.6 
12° 30 288 74 3.43 0.970 101.0 


“Probably a richer mixture than with the first carbureter as in Table 1 
tion is also better. Diagram No. 7 corresponds to diagram No. 1 
and the like. The ignition was set the same as in Table 1. 
was caused by a better mixture. 

> Leaner mixture than in Table 1. 


, but distribu- 
in Table 1, 8 to 2, 
The shorter time probably 


Action influenced by hot-spot. 
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Fic. 10—DIAGRAMS TAKEN FROM THE SAME CYLINDERS AS USED FOR FIG. 9 BUT WITH A DIFFERENT 
CARBURETER 
An Analysis of These 


probably will be used to ob- 
tain records of manifold 
pulsations. 

(2) To secure accurate air and 
fuel-measuring devices 

(3) To block off all cylinders but 
one 

(4) To make runs on one cylin- 
der, observing the items 
under (2) but varying the 
air and water tempera- 
tures, load, speed and 
spark advance, taking dia- 
grams for each condition, 
so as to: 

(5) Obtain characteristic dia- 
grams for the particular 
combustion - chamber, so 
that: 

(6) With all cylinders in opera- 
tion, a measure will be had 
as to the sort of mixture 
supplied to each 


Investigation Results for Item (4) 


The set-up for item (4) includes 
a Continental 14-U engine and an 
enclosure for the carbureter, which 
gets air through suitable quieting 
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tanks from a gas 
meter. Fig. 1 
shows the engine 


head with the indi- 
cator in place. The 
combination samp- 
ling valve and spark- 
plug fitting A in 
Fig. 11 presents a 
very compact assem- 
bly which has moved 
the spark-gap about 
1, in. and has the 
sampling-valve open- 
ing within 1 in. of 
the spark. The side- 
outlet low-speed in- 
dicator then can be 
assembled very close 
to the engine cylin- 


der, the mounting 
being shown at B. 
The valve tappets 


were removed from 
the other five cylin- 
ders so that all the 
air and fuel enter- 
ing the engine 
would go to the cyl- 
inder to which the 
fitting is attached. 
It is, of course, 
necessary to use 
the dynamometer to 
maintain constant 
speed. 

Fig. 12 presents a 
series of diagrams 





Fic. 11—SeET-UP OF THE INDICATOR ON A CONTINENTAL 14-U ENGINE 


Combination 


Sampling 


Valve 


Pressure Element 


and Spark-Plug 


at 


Fitting 


E 


> 
> 


Is Shown at A, and the 
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Fic. 12—DIAGRAMS OBTAINED FROM THE ENGINE SHOWN IN FIG. 11 


The Engine Speed Was 1000 R.P.M. and the Spark Was Advanced 


20 Deg. Air-Fuel Ratios Are Stated above the Respective 


Diagrams 


obtained from a preliminary test to illustrate item (5) 
of the procedure outlined, assistance in procuring and 
analyzing these diagrams having been given by Lieut. 
J. A. Cella, F. C. Meldola and W. E. Sturmer, graduate 
students. The dry air-fuel ratios are shown above the 
pressure-volume and the offset pressure-volume dia- 
grams for the several operating conditions. Cooling 
water left the cylinder at 157 to 166 deg. fahr. The 
spark was set at a 20-deg. advance as shown by the x 
on the offset diagrams in Fig. 12. The engine speed 
varied from 995 to 1010 r.p.m., the barometer read 
29.50 in. of mercury, the relative humidity was about 
45 per cent, and the tests were completed in a total 
running time of 3 hr. The 20-deg. spark-advance was 
sufficient to cause some “pinking” in the range of mix- 
ture ratios from 10:1 to 13:1. 

The offset diagrams are all offset 90 deg., the dead- 
center being identified on each diagram. The use of 
this offset presents an excellent method of checking the 
“phasing” of the indicator, since the compression and 
expansion lines of the pressure-volume and the offset 
pressure-volume diagrams should intersect at 45 and 
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Fic. 13—CURVES SHOWING VARIATIONS AMONG THE DtIas- 
GRAMS OF Fic. 12 
With These Data, the Air-Fuel Ratio Can Be Determined Definitely 
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135 deg., respectively, as illustrated in the pair for 
the air-fuel ratio of 11.90 to 1. The crank angles up 
to 40 deg. after dead-center are shown on the several 
diagrams and present a ready means of comparing the 
time required to attain the maximum pressure. Igni- 
tion lag is also very apparent, being 22 deg. when the 
air-fuel ratio was 17.55 to 1 and but 5 deg. when this 
ratio was 11.48 to 1. The indicated mean effective 
pressure is obtained from the pressure-volume dia- 
gram, and the ratio of maximum to compression pres- 
sure is obtained from either. The rate of pressure 
increase during combustion is obtained from the line s 
shown on the diagrams for the 11.90-to-1 air-fuel ratio. 

Fig. 13 presents the data derived from the diagrams 
in Fig. 12. Assuming that we now have these data and 
again operate the engine under similar operating con- 
ditions, Curves 1 and 2, along with the operators’ fa- 


miliarity with the engine characteristics, generally will 
serve to determine the mixture delivered to a given 
cylinder. If not, Curves 3, 4 and 5 will serve to deter- 
mine it definitely, since the several curves do not have 
reversals at the same air-fuel ratio. 

I believe I have demonstrated that it is necessary to 
“get inside” the engine cylinder to obtain satisfactory 
data. Further, my experience leads me to assert that 
& maximum variation of 6 per cent in cylinder output 
is permissible in six and eight-cylinder engines with- 
out having the variation become perceptible to an ob- 
servant driver. Studies from indicator diagrams may 
even then result in considerable reduction in the fuel 
consumption, since it is clear from Fig. 13 that the 
rate of drop in mean effective pressure is rather low 
for mixtures richer than 13.5 to 1, the most powerful 
mixture in this particular case. 


Report on Air-Fuel-Ratio Tests 
By H. W. Besr‘4 


oe conducted to determine how air-fuel ratios 
obtained by analyzing the exhaust gases checked 
with ratios obtained by measuring the air and fuel are 
analyzed by the author, the tests having been made 
on a six-cylinder 3% x 5-in. engine and the air meas- 
ured by using a Durley air-box having a 2-in. flat- 
plate orifice. As a check, a 1%-in. well-rounded orifice 
was also used with the same results. The exhaust 
gases were analyzed in conventional Orsat apparatus 
having four absorption bottles. The tests were made 
at a constant air-fuel ratio at an engine speed of about 
1300 r.p.m. with a wide-open throttle and maximum- 


NALYSIS of the exhaust gases probably is the 
best and most convenient method of obtaining 
the air-fuel ratios of automotive engines and 

studying the distribution to the individual cylinders, 
although some engineers do not like to use this method 
because they feel that the results obtained, especially 
by rather inexperienced operators, are not sufficiently 
reliable. Other methods, such as measuring the power 
delivered by individual cylinders, noting the color of 
the exhaust flame, and enriching or “leaning” the mix- 
ture until certain cylinders misfire, are practicable 
means of observing distribution in a particular engine 
but are not sufficiently accurate for a detailed study of 
the subject. We at the Sheffield Scientific School are 
conducting tests to determine how the air-fuel ratios 
obtained by analyzing the exhaust gases check with 
ratios obtained by measuring the air and fuel. We also 
desire to determine how consistent the results are when 
the analyses are made by different men having varying 
degrees of experience. 

Tests were made on a six-cylinder, 3% x 5-in. engine. 
The air was measured by using a Durley air-box having 
a 2-in. flat-plate orifice. As a check, a 1%-in. well- 
rounded orifice was also used, with the same results. 
The exhaust gases were analyzed in conventional Orsat 
apparatus having four absorption bottles; one con- 
tained potassium hydroxide for the CO,, one contained 





4M.S.A.E.—Instructor in mechanical engineering Sheffield 


Scientific School, Yale University, New Haven, Conn 


power carbureter-setting. Thus far, 31 samples have 
been taken by different men and the air and fuel were 
measured each time a sample was taken. Three 
methods of obtaining air-fuel ratios from the exhaust- 
gas analyses were used and compared, and the author 
comments upon the results obtained. 

In the discussion following the paper, checking-up 
tests on the accuracy of air-fuel ratios determined by 
exhaust-gas analysis are summarized, and a subse- 
quent statement is made by the author that the tests 
he made were conducted to ascertain how reliable the 
simple method described in his paper is. 


pyrogallic acid for the O,, and two contained cuprous 
chloride and ammonium chloride for the CO. The gases 
were drawn directly into the Orsats through rubber 
tubing and a ‘%-in. nipple screwed into the exhaust 
line about 8 in. from the last cylinder. Up to the pres- 
ent, 31 samples have been taken by different men. 
Some had considerable experience in using Orsats; 
others had none. All of these tests were run at a con- 
stant air-fuel ratio; that is, the engine was always run 
at about 1300 r.p.m. with a wide-open throttle and with 
the same carbureter setting, which was that giving 
maximum power. The air and fuel were measured 
every time a sample was taken. 

Three methods of obtaining air-fuel ratios from the 
exhaust-gas analyses were used and compared as shown 
in Fig. 14; (a) Dr. Watson’s curve of the percentage 
of CO, plotted against air-fuel ratios; (b) a similar 
curve obtained by the Bureau of Mines; and (c) Pro- 
fessor Lockwood’s diagram, using the percentages of 
CO,, O, and CO. Dr. Watson’s curve and that of the 
Bureau of Mines are the result of a large number of 
tests and analyses of the exhaust gases of multi-cylin- 
der engines. Professor Lockwood’s diagram has been 
plotted from theoretical formulas in which the hydro- 
gen and methane were eliminated by the approximate 
relations H, = 0.38 CO and CH, = 0.13 CO. 

By direct measurement, the average ratio was 11.9 
lb. of air per lb. of fuel. The average air-fuel ratio 
obtained from the 31 samples, using Dr. Watson’s 
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COMPARISON OF THREE METHODS OF OBTAINING AIR- 
FUEL RATIOS FROM EXHAUST-GAS ANALYSES 


curve, was 11.6; using the Bureau of Mines curve, it 
was 12.3. For the rich mixtures, the Bureau of Mines 
curve for a given percentage of CO, gives a slightly 
higher air-fuel ratio than does Dr. Watson’s curve. 
This may be due to the different fuel used. The highest 
value obtained from any one of the analyses, using the 
Bureau -of Mines curve, was 13.0, and the lowest was 
11.5. Most of the other individual values came fairly 
close to the average. 


Results from the Lockwood Diagram 


In using Professor Lockwood’s diagram, the air-fuel 
ratio can be obtained from any two of the three con- 
stituents; CO,, O, and CO. If all three are used, three 
points will be obtained on the diagram which will be 
close together or coincide if the analysis is correct, 
thus giving a check on the analysis. We used the three 
constituents, CO,, O, and CO, and took a point in the 
center of the triangle formed by the three values to 
get the air-fuel ratio. The first 19 analyses gave rather 
high ratios; the average was 13.2, compared with 11.9 
obtained by direct measurement. This was due to the 
fact that all these 19 samples have a very high O, con- 
tent, 1.5 to 2.0 per cent; but this did not seem to affect 
the percentage of CO, and therefore did not affect the 
air-fuel ratios obtained by using CO, curves. The last 
12 samples all showed a low O, content, less than 0.5 
per cent. 

The average air-fuel ratio of these samples from 
Professor Lockwood’s diagram was 12.6. We have not 
yet determined just why such high O, readings were 
obtained for the first 19 samples; it is possible that it 
was due to a slight leak and that, probably, the samples 
were not drawn into the Orsats under pressure. If the 
samples are kept under pressure while being taken into 
the Orsats, I believe that the analyses will not be 
affected by a small leak. Possibly one or more of the 
cylinders was not firing regularly and was exhausting 
some uncombined mixture. 

A curve similar to Dr. Watson’s and that of the 
Bureau of Mines can be obtained from Professor Lock- 
wood’s diagram by assuming a zero percentage of O, 
for rich mixtures and the same carbon-monoxide value 


virtually the same as Dr. Watson’s. 
Samples from Individual Cylinders 


Samples also were taken from the individual cylin- 
ders through %-in. nipples screwed into the exhaust 
branches from each cylinder about 134 in. from the 
block. The ends of the nipples were perforated and ex- 
tended into the exhaust pipes about 1% in., and the 
gas was drawn directly into the Orsats through rubber 
tubing attached to the nipples. The samples were pur- 
posely not taken from a point closer to the valves be- 
cause some of the burning of the mixture probably 
takes place as it passes over the exhaust valve, and, if 
the sample is taken too close to it, it is more likely to 
be only partly burned. The average results of these 
tests are given in Table 3, together with the average 
of the 31 samples taken from the exhaust pipe. 

Some of the samples from individual cylinders 
showed a high oxygen-content of about 5 or 6 per cent, 
8 per cent of carbon dioxide, and 3 or 4 per cent of 
carbon monoxide. Then, taking a sample from the same 
cylinder under the same conditions, we would get a 
normal analysis; about 10.5 per cent of carbon dioxide, 
0.5 per cent of oxygen and 3 or 4 per cent of carbon 
monoxide. I think this difference is not due to any 
leakage, because the same operator took the samples 
under the same conditions, one immediately following 
the other. What may have happened is that these par- 
ticular cylinders missed fire occasionally and, during 
the 15 to 30 sec. that the sample was being taken, this 
misfiring occurred perhaps just once but that was 
enough to allow the free oxygen to get into the sample. 
When the next sample was taken, the misfiring did not 
occur and we obtained a normal sample. The misfiring 
may have been due to ignition or perhaps to fauity 
distribution, which may account for the high oxygen- 
content in the first 19 samples taken from the exhaust 
line. 


TABLE 3—-AVERAGE ANALYSES OF EXHAUST-GAS SAMPLES 


Cylinder Exhaust 
No. 1 2 3 4 5 6 Pipe 
CO, 10.9 11.0 838 112 O14 106 iz 
O. 0.5 ‘ie ® ee 2.5 0.6 1.6 
CC 44 45 4) 46 5.0 48 4x61 
Air-Fuel Ratio 
Measured HS SD Ws Ts Sie tis Tis 
Bureau of 
Mines 128 129 121.3 1828°.134)488: 4386 
Professor 


Lockwood 12.9 13.3 16.6 13.0 138 128 13.1 


Dr. Watson 12.2 12.2 105 123 108 119 11.6 
Samples Aver- 


aged 7 4 7 3 5 9 31 


The experiments have not yet been completed; there- 
fore, no definite conclusions can be drawn and the re- 
sults thus far obtained are presented provisionally. We 
expect to make further tests to determine the cause of 
some of the high O, percentages and the effect of taking 
the samples from different places in the exhaust line; 
further, to use varying air-fuel ratios, on both the six- 
cylinder and a single-cylinder engine. 
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THE DISCUSSION 


C. L. PETzE, Jr.°:—It also has been my privilege to 
make checking-up tests on the accuracy of air-fuel 
ratios determined by exhaust-gas analysis, and the re- 
sults are summarized herewith. Using a special single- 
cylinder combustion-study engine, samples of the ex- 
haust gas issuing therefrom were suitably obtained and 
then analyzed for their carbon-dioxide, oxygen, carbon- 
monoxide, hydrogen, and methane contents. Nitrogen 
was determined by difference. A complete gas analysis 
thus being obtained, the air-fuel ratio, in pounds of 
air per pound of gasoline, was calculated by applica- 
tion of the usual stoichiometric balances, the chemical 
composition of the gasoline having been determined 
previously. The air and gasoline supplied to the engine 
were measured, the gasoline being evaluated by record- 
ing the time necessary for the engine to consume a 
definite quantity of the fuel, and the air by noting the 
pressure drop through a suitable nozzle placed in a 
chamber in the carbureter-inlet line. The sampling of 
the exhaust gas was synchronized to the interval for 
the fuel consumption. 


Results of Checking-Up Tests 


The results of such a test are best presented by Fig. 
15. The actual differences between the air-fuel ratios, 
as determined by each method, are stated in percent- 
ages over the speed range of the engine and for three 


uo 


v 








Actual Difference in 
Air-Fuel Ratios, per cent 


1500 1100 1200 1300 400 ~—sy.:1500 1600 
Engine Speed,r.p.m 


Fic. 15—ACTUAL DIFFERENCES IN PERCENTAGE BETWEEN AIR- 

FUEL RATIOS DETERMINED BY MEASURING THE AIR AND THE 

GASOLINE INPUTS AND AIR-FUEL RATIOS DETERMINED BY 
EXHAUST-GAS ANALYSIS 


different throttle settings. These values are not to be 
construed as errors in either of the ratios; they are 
the actual numerical differences stated-in percentage. 
It can be demonstrated mathematically that, making 
certain reasonable assumptions, each method has a cer- 
tain inherent error and that these errors are often 
likely to be cumulative when the difference is deter- 
mined; that is, the nozzle method tends to give slightly 
high values of the air-fuel ratio, and the exhaust-gas- 
analysis method tends to give slightly low values. By 
making such assumptions and calculations, it was found 
that the difference so determined between the two 
ratios, due to these inherent errors, was in most cases 
approximately the same as the difference given by the 
graph. Further, it will be observed that the actual 
differences given by the plot are small, being generally 
less than 4 per cent, and it is therefore believed that 





5 M.S.A.E.—Automotive engineering staff, mechanical engineering 
department, Massachusetts Institute of Technology, Cambridge, 
Mass. 


the conclusion is warranted that the two methods give 
check results. Mr. Best’s results, provisional though 
they are, seem to agree in general with those I have 
cited. This is of material assistance, because deter- 
mination of the air-fuel ratio on which an engine oper- 
ates is always desirable in testing, and it is well to 
have confidence in the measuring instruments used. 

I think it is inadvisable to analyze the exhaust gas 
only for carbon dioxide, oxygen and carbon monoxide, 
particularly when operating with rich mixtures con- 
taining insufficient air. In certain special cases I think 
that this may be done, if necessary; but, in the work 
under discussion, I believe it to be a decided handicap 
and source of error. Hydrogen and methane appear in 
such exhaust gas in appreciable quantities and must 
therefore be considered. Empirical formulas such as 
Mr. Best used are approximations only and hence are 
inaccurate. Accuracy is of great importance in such 
investigations as this one. Further, analyzing the ex- 
haust gas for these two constituents is not arduous. I 
am of the opinion that analyses should be made for 
both hydrogen and methane in addition to carbon di- 
oxide, oxygen, and carbon monoxide. 

Second, Mr. Best has determined his air-fuel ratios 
from curves based on previous tests in which different 
gasolines and engines were used. Such action is an 
additional source of error, and this error can easily be 
eliminated. By using the usual chemical-element bal- 
ances, the air-fuel ratio can be calculated quickly. It 
can readily be shown that the following formula, de- 
rived in this way and containing no assumptions, will 
determine directly the air-fuel ratio of any engine 
when operating on any ordinary gasoline and when the 
exhaust gas is fully analyzed in the conventional man- 
ner: 


Air-Fuel Ratio= (0.0305) (N:.) (C)/(CO.+CO+CH,) (1) 


The constant 0.0305, in equation (1), is determined 
by the molecular weights of carbon and air and by the 
percentage, by volume, of nitrogen in air; and N,, CO.,, 
CO, and CH, are the respective percentages, by volume, 
of nitrogen, carbon dioxide, carbon monoxide and 
methane in the exhaust gas. For a given grade of gaso- 
line, the carbon content is a constant; and C, in equa- 
tion (1), represents the percentage, by weight, of 
carbon in the gasoline. 

I have included equation (1) to show how easily the 
air-fuel ratio can be calculated accurately. No neces- 
sity exists for resorting to curves that give only ap- 
proximate results. The problem of fuel combustion is 
becoming of greater and greater importance; accuracy 
is essential to the establishment of reliable data con- 
cerning it. As Mr. Best states that he is planning 
further work along the lines of his present paper, may 
I suggest that he consider these two points? 

H. W. Best:—I agree with Mr. Petze that a more 
accurate determination of air-fuel ratios can be had by 
making a complete analysis of the exhaust gases; how- 
ever, because of its simplicity, the method of analyzing 
for only CO,, O, and CO, or in some cases for only 
CO,, and using the Bureau of Mines or Dr. Watson’s 
curves, is frequently used in the industry. We are not 
conducting these tests to find an accurate method of 
determining air-fuel ratios, but to endeavor to find out 
just how reliable this simple method is. 
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Discussion of Prof. C. Fayette Taylor’s Paper on the Effects 
of a Centrifugal Supercharger’ 


UPPLEMENTING the results of an investigation 

at the Massachusetts Institute of Technology on 
supercharging a single-cylinder automobile engine 
which were presented at the 1928 Annual Meeting, 
this paper reports a study that was made to deter- 
mine whether the mechanical action of a high-speed 
centrifugal supercharger improves engine perform- 
ance by increasing the degree of atomization and va- 
porization of the fuel in the inlet manifold. While 
changes in the degree of fuel atomization and vapor- 
ization might be measured directly by sampling the 
gases as they pass to each cylinder, an indirect eval- 
uation of these changes by measuring their effect on 
engine performance was considered more practicable. 

Tests were made on a six-cylinder automobile engine 
connected to an electric cradle-dynamometer. The 
usual exhaust jacket was removed from the intake 
manifold to avoid any possibility of obscuring the de- 
sired results and a normal and a supercharged car- 
bureter of identical design were connected to the in- 
take manifold by passages of as nearly identical 
length and shape as possible. Comparative runs with 
the two carbureters were made at four speeds and 


SANFORD A. Moss':—Professor Taylor’s experiments 
introduce some interesting methods of comparison, 
but he states that his apparatus had no diffuser, 
and my knowledge of the history of the particular ap- 
paratus he used makes it seem probable that no in- 
formation is available as to whether the design con- 
stants of the wheel, such as the shape of the blades 
and the like, were properly adapted to the conditions. 
A supercharger impeller rotating at speeds of from 
7000 to 21,000 r.p.m. must be designed very carefully 
so that it can handle the air without shock and so that 
the pressure rise desired in a supercharger can be 
produced with good efficiency. At the exit of the im- 
peller approximately one-half of the energy put into 
the air is represented by pressure rise, and the other 
half by kinetic energy due to velocity. The recovery of 
the kinetic energy is the purpose of the diffuser, which 
is a properly shaped passage for converting velocity 
into pressure beyond the impeller. It is therefore prob- 
able that, in the tests, there were many eddies due to 
improper design of the blades at the inlet, improper 
passages along the impeller, loss of impeller exit-ve- 
locity on account of absence of the diffuser and, finally, 
due to a very appreciable throttling which was neces- 
sary to eliminate whatever pressure might have been 
produced. 


Importance of Supercharger Impellers and Diffusers 


The company with which I am connected is now fur- 
nishing about 600 airplane-engine superchargers per 
month for use by the leading airplane-engine builders 
of the United States, all being carefully designed 
mathematically and based upon many years of research 
regarding centrifugal compressors in general. Extreme 
care is taken to avoid eddies at every point, and blade 





®See S.A-E. JourRNAL, July, 1929, p. 49. 


*Thompson Research Laboratory, General Electric Co., West 
Lynn, Mass. 


three loads, engine conditions, including the inlet- 
manifold pressure and temperature, being kept as 
nearly the same as possible in each pair of runs. 

The conclusions drawn from these tests are that the 
mechanical-mixing effect of the high-speed centrifugal 
blower at approximately full load causes increased 
brake mean effective pressure, decreased specific fuel- 
consumption and a slightly increased mixture-ratio 
range. With increasing blower-speed, other condi- 
tions being held constant, a tendency toward increased 
maximum brake mean effective pressure, reduced fuel- 
consumption and an increased firing range was ob- 
served. These improvements are more pronounced 
with a less-volatile fuel. At three-quarter and lower 
loads, when commercial gasoline was used as fuel, no 
improvement in engine performance was obtained. 

In the discussion of the paper, the statement is 
made that no diffuser was used and the question is 
raised whether design constants of the wheel, such as 
the shape of the blades, were properly adapted to the 
conditions in the apparatus used by Professor Taylor. 
The actions in an efficient supercharger with smooth 
flow are then outlined. 


angles, the passages along the impeller and those pre- 
ceding and succeeding it, the diffuser passages and all 
other parts are designed to handle air traveling at high 
speeds without eddies. 

Fig. 16 shows the impeller and diffuser of such a 
centrifugal supercharger as used in Pratt & Whitney 
Aircraft Co. engines. Evidently, the diffuser is an im- 
portant part of the design. Essentially similar super- 
chargers are used by the Wright Aeronautical Corp., 
the Curtiss Aeroplane & Motor Co. and other airplane- 
engine builders. Throughout the design of such super- 
chargers, all of the passages, blade angles and other 
elements are arranged so that certain definitely desired 
velocities and other necessary effects are accurately 
secured. With careful attention to all such details, the 
superchargers have an average efficiency of about 75 
per cent. By omitting items which are necessary for 
good efficiency, the efficiency of a supercharger may be 
very low, such as 40 per cent or even 25 per cent. In 
such cases most of the energy goes to making eddies 





Fic. 16—GENERAL ELECTRIC Co. SUPERCHARGER USED ON 
THE PRATT & WHITNEY WASP AIRPLANE ENGINE 
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without pressure rise, rather than to creating pressure 
rise with smooth flow. 


Provision of Smooth Mixture-Flow 


It is abvious that the actions occurring in an efficient 
supercharger with smooth flow are very different from 
those occurring in the apparatus in the test described 
in the paper. In one case the mixing is secured by beat- 
ing up of the substances with a lot of eddies. In the 
other case it is secured by an orderly flow arranged so 
that the particles of gasoline continuously meet with 
new air. Therefore, the data which Professor Taylor 
gives can hardly be said to apply to the vaporization 
occurring in a supercharger that provides smooth flow. 
It may be that the sort of vaporization occurring in 
Professor Taylor’s tests is more or less efficient com- 
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pared with that occurring in an efficient supercharger 
which provides smooth flow, but his paper gives no 
evidence on this point. Actual tests, with and without 
efficient superchargers, on many airplane engines indi- 
cate that a very important gain in vaporization is se- 
cured with them which is independent of the super- 
charging effect. Professor Taylor mentions this item, 
but it is worth greater emphasis. It is well known that 
the use of a supercharger adds to the power of an en- 
gine in three ways: (a) by direct increase of the 
amount of the charge, (b) by improved vaporization 
resulting from a slight temperature rise caused by the 
supercharger compression, and (c) by improved vapor- 
ization on account of the action of the supercharger. 
Professor Taylor has devised a very ingenious way to 
separate the third effect from the other two. 


THE GENERAL DISCUSSION 


"THE PHASES emphasized particularly include 

statements of one of the means of measuring mix- 
ture-distribution whereby the gas is passed through a 
cell equipped with a heated platinum filament, the cat- 
alyzing action of the platinum completes the combus- 
tion and the effect is recorded on an indicating instru- 
ment; experimental work in measuring the detonating 
characteristics of fuels; changes in manifold design 
which resulted from one company’s experimental 


CHAIRMAN QO. C. BERRY’:—This is a general round- 
table discussion of the subject of distribution. We are 
all aware that the performance of internal-combustion 
engines, from the viewpoints of economy and generally 
satisfactory action, has been affected markedly by the 
distribution. We know of many cases in which the dis- 
tribution is not what it should be, but we have been 
slow to determine just how bad the distribution is. 
At present, perhaps the oil refiners have made a more 
careful study of distribution than have the automotive 
engineers; therefore, I am particularly interested in 
any endeavor that tends to stimulate the automotive 
engineers to solve their part of the problem. 


Means of “Measuring Distribution” 


J. B. MACAULEY, JR.’:—I shall state our experience 
with one of the means of measuring mixture-distribu- 
tion whereby the gas is passed through a cell equipped 
with a heated platinum filament; catalyzing action of 
the platinum, together with the admission of a certain 
amount of extra air, completes the combustion, and the 
effect is recorded on an indicating instrument. We 
first calibrated the instrument on a single-cylinder 
Deleo engine, and Fig. 17 shows at the left the air- 
fuel ratios plotted against the instrument readings of 
the CO+-H, content in the exhaust gas. The pitch of 
the curve is very steep, and the readings on the leaner 
than 13-to-1 air-fuel ratio are of questionable accuracy. 
Further, the indication of the instrument is limited to 
a scale reading of 20, which. represents an air-fuel ratio 


/; 


of only about 942 to 1, and this is not very satisfactory 








8 M.S.A.E.—Director of engineering, carbureter division, Borg- 
Warner Corp., Marvel Carbureter Co., Flint, Mich. 
®°M.S.A.E.—<Assistant experimental engineer, Chrysler Corp., 


Detroit. 


work; reasons why procedure on the premise that a 
true mixture is received at the manifold is unwar- 
ranted; a suggestion of the possibility that quartz 
windows can be installed in the combustion-chamber 
of each cylinder and spectrographs used to study ac- 
tual conditions; and comments on straightening out 
the airstream and diffusing the fuel in this airstream, 
with mention of a device for recording distributon 
results during road tests. 
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Fic. 17—CALIBRATION CURVES COMPARED 


The Calibration Curve of the Bacharach CO + H, Recorder Is 
Compared with the CO Curve by Judge Also Shown 
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for covering the complete range. In fact, very little TET MS TOTES Se ET ee as OF ae 
cold-manifold testing can be done with the instrument 2 ae 25 | ee Bi cee es 


because the distribution is too bad; the indicator goes 
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off the scale. The calibration curve does not agree with 50-— t 
the CO curve given by Judge, as shown in Fig. 17; the o $+} __}__} 
pitch is much steeper. § 4o\— 
The curves in Figs. 18 and 19 show some results > | d 
obtained on a 309-cu. in. six-cylinder engine, using a 5 
cross-flange carbureter equipped with a heating jacket ‘5 50-— 4 , 
on the inlet manifold. The curves shown in the up- © | | | 1 ae eS ae ee 
per left chart, in Fig. 18, as obtained from the engine, § oe ele a a 
illustrate some rather surprising results. The air-fuel §5 7 Uniform Distribution. 


ratios from the calibration — were, for cylinder No 
1, about 111%4 to 1; for No. 2, about 111% to 1; and for 
No. 3, about 1214 ‘to 1. From the other branch of the 
two-port manifold we obtained ratios of 15, 15 and 13 
to 1 for cylinders Nos. 4, 5 and 6. Then we turned the 
carbureter around, 180 deg., with the throttle shaft 
remaining parallel to the engine crankshaft. Imme- 
diately, Nos. 1, 2 and 3 become the lean cylinders and 
Nos. 4, 5 and 6 the rich ones. 

At this time the samples were taken from perforated 
nipples inserted in the exhaust manifold just out- 
side the cylinder ports, there being a separate port for 
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Fic. 19—CURVES SHOWING THE PERCENTAGE OF LIQUID 

TRAPPED FROM THE EXHAUST WHEN MOTORING THE ENGINE 

WITH THE THROTTLE WIDE OPEN AND USING LIQuID KERO- 
SENE 

The Solid-Line Curve Represents a Speed of 1000 R.P.M.; the 

and the Dash Line, 3000 R.P.M. 
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Dotted Line, 2000 R.P.M.; 
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Fic. 18—RESULTS OBTAINED ON A 309-Cu. IN. SIx-CYLINDER ENGINE, USING A CROSS-FLANGE CARBURETER EQUIPPED WITH 


A HEATING JACKET ON 


The Chart at the Upper Left Shows Results Obtained with the 
Carbureter Reversed. The Solid-Line Curve Represents the Re- 
sult with a Valve in the Exhaust Line, Wide-Open Throttle, and 
Heat Turned On. The Dotted-Line Curve Represents the Maxi- 
mum Power Obtained with Wide-Open Throttle and No Heat. The 
Speed Was 1000 R.P.M. in Each Case. 

At the Lower Left, the Effect of Cutting Away as Much as Possible 
of the Carbureter Air-Horn Metal Is Illustrated. The Throttle 
Was Wide Open and No Air-Cleaner Was Used. The Solid-Line 
Curve Represents the Results at a Speed of 1000 R.P.M.; the 
Dash Line, at a Speed of 2000 R.P.M.; and the Dotted line, at a 
Speed of 3000 R.P.M. 


THE INLET MANIFOLD 


At the Upper Right, the Effect of Carbureter Reversal at Part 
Throttle Is Shown. The Solid-Line Curve Shows the Result When 
the Carbureter Was Turned with the Air-Horn toward the Front. 
The Dotted-Line Curve Represents the Maximum Power at Wide- 
Open Throttle with the Air-Horn Turned toward the Rear. In 
30th Cases the Speed Was 1000 R.P.M. 


At the Lower Right, the Effect with the Carbureter Turned at an 
Angle of 45 Deg. and with the Air-Cleaner Turned toward the 
Front Is Charted. The Throttle Was Wide Open. The Solid-Line 
Curve Represents a Speed of 1000 R.P.M. and the Dotted-Line 
Curve a Speed of 2000 R.P.M. 
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each cylinder, and we began to suspect that the results 
were faulty; therefore, long separate exhausts for each 
cylinder were installed but, because substantially the 
same results as before were obtained, we reverted to 
our former method of sampling. 

The effect of turning the carbureter air-horn from 
the front to the rear was apparent at part throttle as 
well as at full throttle, as shown at the upper right in 
Fig. 18, in spite of the fact that we applied heat to 
bring the mixture temperature—measured with a ther- 
mocouple in the inlet manifold just before the mixture 
entered the cylinder-block—up to 180 deg. fahr., and 
ran at a pressure represented by about 16 in. of mer- 
cury manifold suction so as to obtain a substantially 
dry mixture. In following out that method we found 
that, if we cut away the air-horn of the carbureter so 
as to leave a practically direct vertical hole, this 
straightened out the distribution very nicely at part 
throttle as well as at full throttle, as illustrated at the 
lower left in Fig. 18. 

The air-fuel ratios, referred always to the calibra- 
tion curve that is shown in Fig. 17, ranged from 
11.2 up to about 12.2 to 1, and were very even. The 
same result could be obtained by cocking the carbureter 
at an angle of about 45 deg. to the engine crankshaft, 
as shown by the curves at the lower right, in Fig. 18, 
but that would not make possible a neat-looking instal- 
lation. 

Our experience with the Bacharach CO + H, record- 
ing instrument leads us to believe that it can be used 
to advantage, although it is not entirely satisfactory; 
but the present manifolding is even less satisfactory, 
and the instrument makes a very useful comparative 
tool. 


Tests Made with Liquid Kerosene 


We also have made some tests on the same manifold 
using liquid kerosene through the fuel system, and 
have trapped the liquid kerosene given off from the 
exhaust port of each cylinder. The results are shown 
in Fig. 19. In this case, the engine was being motored 
and there was no heat. The liquid distribution obtained 
in this way from the cold manifold seemed to bear no 
relation to the distribution obtained with the engine 
running normally and using exhaust heat on the hot- 
spot. Cylinders Nos. 2 and 5 were regrettably lean; 
cylinders Nos. 1 and 6 were fairly lean, and cylinders 
Nos. 3 and 4 received the bulk of the charge. 


Effect of Mixture Strength on Deterioration 


D. P. BARNARD, 4TH”:—The work which I shall de- 
scribe was done more than two years ago in connection 
with our attempts to measure the detonating character- 
istics of fuels. A two-valve L-head-type single-cylinder 
engine of 2%-in. bore and 4-in. stroke was used, the 
valve timing being conventional; a constant speed of 
1200 r.p.m. was employed throughout. A series of 
tests was made to determine the effect of mixture 
strength on the tendency of that particular engine to 
detonate. The method differed from ordinary practice 
in that the air inlet was connected with a sharp-edged 
throttle-plate having an orifice of 34-in. diameter. The 
metering characteristics of the orifice were checked by 
determining the O, CO, and CO, contents of the exhaust 


1” M.S.A.E.—Research automotive 
Indiana, Whiting, Ind 


engineer, Standard Oil Co. of 


gas. The agreement all the way through was within 
the limits of precision regarded as normal for that type 
of work, the Orsat and the throttle-plate methods dis- 
agreeing by no more than one-third of a mixture ratio. 
The Bureau of Standards curve of the relation between 
CO, and the mixture ratio was utilized. 

The engine was run on every possible mixture from 
the richest to the leanest on which it would operate at 
a speed of 1200 r.p.m. The mixtures actually obtained 
were about 8 or 9 to 1 on the rich side and about 18 to 
1 on the lean side. Over this range the engine would 
operate and fire every time at full throttle when using 
a fuel which would not detonate at any mixture ratio; 
that is, gasoline containing a large quantity of tetra- 
ethyl lead. 

Fig. 20 shows the results obtained from this work. 
If a change was made to a fuel which would detonate 
at some particular mixture-ratio, such a fuel would 
follow the curve to a certain point; the curve beyond 
that point is not a full-throttle curve, because the throt- 
tle must be partly 
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might consist of 
8.5 ec. of tetra- 
ethyl lead in Red 
Crown gasoline; 
fuel B might have a content of 4 cc.; fuel C a content 
of 2 cc. of tetraethyl lead; and fuel D might be Red 
Crown gasoline with no tetraethyl-lead content. Using 
benzol blends, a series of curves resulted such as those 
shown by the dotted lines. Maximum power and maxi- 
mum brake mean effective pressure resulted at a mix- 
ture ratio of 13 to 1, and nothing indicated a flattening 
of the curve at this mixture strength. 


Fic. 20—RESULTS OF EXPERIMENTAL 
MEASUREMENTS OF THE DETONATING 
CHARACTERISTICS OF FUEL 


Dynamometer Tests Made on the Road 


This work was checked up on the road, using an old 
four-cylinder car which towed another car, a dyna- 
mometer scale being connected between the two cars. 
The driver of the four-cylinder car controlled the mix- 
ture and tried to drive at a speed such that he could 
just hear detonation. The driver of the other car regu- 
lated the speed and read the dynamometer scale. An 
observer in the test car obtained an exhaust-gas sample 
and determined its CO, content at the completion of 
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the run. Although observations over a fairly wide ders. We have never been able to obtain these same 


range were made, it was not possible to cover the range 
employed with the single-cylinder engine. The range 
is indicated in Fig. 20 and the curves were very similar 
to those obtained in the dynamometer tests. 


Experiments Result in Manifold Changes 


E. S. MARKS” :—As a result of experiments, we have 
made a recent change in our manifold design. Fig. 21 
shows, at the left, an outside view and a section of the 
manifold before the change was made. An analysis of 
the exhaust gas by means of the Orsat apparatus has 
always shown this type of manifold to distribute the 
charge to the various cylinders in even proportions. 
Thermocouples, which are also very excellent means of 
checking up on distribution, have always checked the 
Orsat-apparatus findings. This manifold has a num- 
ber of sharp turns which have a tendency to break up 
the charge. 

The improved manifold design, which has the same 
good distribution qualities as has the old design and 
at the same time a lower restriction due to the easier 
turns for the gas-flow after the gas has left the run- 
ner, is shown at the right in Fig. 21. However, the 
square-section runner and the abrupt turns in the end 
continue to keep the mixture well broken up. It is the 
lower restriction after leaving the runner which has 
resulted in increased output. By placing the runner of 
the manifold farther away from the engine, the gas- 
flow has a chance to straighten out before flowing into 
either branch of the siamese. The increased power de- 
veloped by this new manifold as compared with the old 
ranges from 2.5 per cent at 1000 r.p.m. to 26.3 per cent 
at 3400 r.p.m. In combination with new developments 
in carburetion, this manifold has given us a decrease 
in gasoline consumption of from 2.1 miles per gal. at 
20 m.p.h. to 2.5 miles per gal. at 60. m.p.h. 

The good distribution shown by both of the forego- 
ing manifolds indicates the possibility of making 
numerous changes in section while still retaining good 
distribution. Experiments carried on in our labora- 
tory, in such a way that the charge going from the 
manifold into each cylinder could be watched, indicate 
that a dry charge is obtained very quickly and, at the 
same time, the density of the mixture as it appears in 
the transparent runners is very uniform for all cylin- 





1 M.S.A.E.—Chief engineer, H. H. Franklin Mfg. Co., Syracuse, 
7 x. 
2M.S.A.E.—Chief engineer, Lycoming Mfg. Co., Williamsport, 
Pa. 
S.M.S.A.E.—Quartermaster Corps, U. S. A., Motor Transport 
Branch, on special duty at the Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 


results with any type of round-section manifold. 


Mixture Temperature a Vital Factor 


E. D. HerrRIcK”:—A check-up shows that we cannot 
proceed on the premise that a true mixture is received 
at the manifold. One good indication of this is that 
we are now advised to turn the carbureter upside down 
to obtain the best results. In checking some recent 
experimental work, we found that the stream was not 
straight immediately above the carbureter. In one in- 
stance we were able to get a very decided improvement 
by inserting a venturi in the flow. This indicates that 
some work can be done on carbureters toward obtain- 
ing a true fuel-mixture stream that flows straight into 
the manifold before we try to do anything with it in 
the manifold itself. 

As has been pointed out by a previous speaker, the 
range of operation that the manifold must care for 
presents a difficulty. Our studies have demonstrated 
that the temperature of the mixture is a very vital 
factor. By keeping the fuel vaporized as much as we 
dare, we are able to distribute it with manifolds that 
are not so sensitive. We have obtained very satisfac- 
tory results by keeping the mixture temperature at the 
port at about 120 deg. fahr. It is pointed out that it 
is very desirable to keep the manifold of the same 
length, but our experience indicates that by trying to 
retain the same length the mixture goes around so 
many bends that any benefit that might be derived is 
lost. We all should work with reference to our methods 
of checking the fuel mixture. Our early experience 
with the variable results obtained with the Orsat appa- 
ratus led us to change our method of checking and use 
indicator diagrams and the individual spark-advance 
per cylinder, and the latter method gives us some very 
tangible results. 


Use of the Spectroscope Suggested 


Capt. W. C. THEE” :—Several previous speakers have 
admitted that true results and accurate information on 
what conditions exist in the combustion-chamber were 
not obtained by exhaust-gas analysis. My research 
work on the internal-combustion engine has been con- 
fined chiefly to the single-cylinder experimental engine. 
Up to the present, not very many reliable engineering 
data have been obtained on distribution. Exhaust-gas- 
analysis results do not pertain directly to what is ac- 
tually going on inside the engine. 

A more direct and true analysis could be made if 
quartz windows were installed in the combustion-cham- 
ber of each cylinder and spectrographs used to study 





Fic. 21—CHANGES MADE IN MANIFOLD DESIGN 
The Manifold before a Change Was Made Is Illustrated by the Outside and Sectional Views at the Left: Those 
Show the Manifold after the Change Was Made 


at the Right 
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actual conditions. The advantages of the spectroscopic 
method, compared with that of exhaust-gas analysis, 
is that it furnishes accurate information concerning 
what is going on inside the cylinder at the time, and an 
analysis of the combustion process can be made while it 
actually is occurring. If a motion-picture film sensitive 
enough to record the reaction in the combustion-cham- 
ber could be obtained, we could get an analysis of the 
reaction in its different stages as it occurs, but under 
present conditions this is highly speculative. To de- 
termine distribution in each cylinder with a battery of 
spectroscopes would be expensive and would require 
intensive training of operators to manipulate the ap- 
paratus. Further, a great amount of fundamental re- 
search and study is required on the various elements 
that enter into the combustion before an analysis can 
be obtained of the compounds present in the final com- 
bustion products. Therefore, the application of the 
spectroscope to the study of combustion of fuels has 
thus been merely pioneering work. 
Eight-Cylinder-Engine Distribution Analyzed 

P. S. Tice*:—Orderly behavior of the fuel mixture 
in the carbureter outlet is of extreme importance. All 
our distribution difficulties begin in the T directly be- 
yond the carbureter, although they do not end there. A 
simple way to start, if it can be done, is to design the 
air-horn so that the lines of air-flow are parallel with 
the carbureter-outlet axis. Mr. Macauley has cited 
his experience of immediate improvement in distribu- 
tion upon removal of the air-horn. Obviously, if the 
airstream bears off from the axis of the carbureter, 
the fuel that is being carried will be delivered un- 
evenly in the branches above the riser. Some engi- 
neers have installed very long heated risers, but most 
of us agree that there are other and better ways. Hav- 
ing got the airstream straightened out, we must diffuse 
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Fig. 22—EFFECT OF CONSECUTIVE FULL CHARGING TO ONE 
SIDE OF THE T BEYOND THE CARBURETER ON THE METERING 
HEAD IN THE CARBURETER 
The Effective Valve-Lifts Are Shown by the Solid-Line Curve and 
the Relative Amount of Valve Opening by the Dash-Line Curve 
The Large Loops Represent Two Consecutive Chargings, and 
Illustrate the Effect of Having Consecutive Intake Strokes in 
One End. Note that the Valve Lift Agrees with the Pressure 
Events by Being Retarded 14 Deg. 


the fuel as evenly and widely as possible in the air- 
stream to continue the beneficial results. 

In some engines, notably the eight-in-line type that 
is equipped with one carbureter, there is consecutive 
full charging to one side of the T beyond the carbu- 
reter.* Fig. 22 illustrates how this affects the metering 


4 M.S.A.E.—Director, carbureter division, Stewart-Warner 
Speedometer Corp., Chicago. 
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Fic. 23—-EFFECT OF THROTTLING ON DISTRIBUTION DISTURB- 


ANCES 
These Curves, Together with Those in Fig. 22 Which Were Made 
at Open Throttle, Seem To Show that the Greater Disturbances 
Must Occur at Open Throttle. Numerals on the Respective Curves 
Represent Absolute Intake Pressure in Millimeters of Mercury 


head in the carbureter. One might think that eight 
equally spaced charging strokes would show equal and 
steady metering values in the carbureter. The effec- 
tive valve-lifts are shown by the solid-line curve, and 
the relative amount of valve opening by the dash-line 
curve. The large loops represent two consecutive 
chargings, and I have shown them plotted together in 
algebraic sum to illustrate the effect of having con- 
secutive intake strokes in one end. 

Plotting the observed metering heads on this dia- 
gram, we find that they agree very nicely with the 
valve diagram, except in two particulars. Consecutive 
chargings from the same branch show normal metering 
heads, but the one immediately following, which goes to 
the other branch of the intake pipe, is very stunted. 
It should be understood that these metering heads are 
in the carbureter. The pressure that draws the fuel 
into the airstream is normal until we change over to 
the flow in the opposite direction in the T, with these 
small metering heads directly resulting from the change 
in flow direction after a double charging. Then, less 
fuel is taken into the airstream than at any other time. 
That might make distribution somewhat difficult, since 
we know that the fuel does not travel in its entirety 
with the air. It reaches a cylinder or cylinders some- 
what later than does the air it started with, unless the 
mixtures are dry. 

Another interesting fact about metering heads is il- 
lustrated in Fig. 23, in which metering heads are used 
as ordinates and time, in camshaft degrees, as abscissas. 
Starting at full throttle, we get large amplitudes and, 
throttling a matter of 12 mm. of mercury (1% in.), we 
reduce the average metering head a very little and the 
amplitude is reduced to about one-third. Throttling 
about 51 mm. (2 in.), the amplitudes are so small as to 
amount to nothing. Fig. 23, together with Fig. 22, 
which was made at open throttle, seems to show that 
the greatest disturbances of distribution can occur, 
and, owing to these causes, must occur at open throttle; 
and we all know that to be true from other experience. 


Effect of Cross-Flow in Manifold Branch 


The next item is the effect of cross-flow in the pri- 
mary branching of the manifold directly above the car- 
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bureter. Fig. 24 shows that an inlet pipe has natural 
periods of which we must take account. First, a vary- 
ing and reversing pressure-difference or gradient oc- 
curs between the two ends of the primary branching. 
Clearly, when the mixture stream is going to one end 
of the manifold and suction or flow in that direction 
stops, the mixture must stop and reverse. During that 
stop, fuel can very readily drop out of the stream, and 
it almost must be deposited. The effects of that have 
been touched on by some of the previous speakers. 

The whole story in car operation is very much com- 
plicated when we begin to put in accelerating fuel, 
which is done for two purposes, one being to keep up 
the mixture strength. The modern idea is not only to 
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Fic. 24—-INTAKE-PRESSURE PULSATIONS 
Taken on an Bight-Cylinder Engine at Wide-Open Throttle and 
a Speed of 1200 R.P.M., the Carbureter Being Equipped with an 
Equalizing Tube of 7/16-In. Inside Diameter. The Dot-and-Dash- 
Line Curve in the Upper Diagram Represents the Front Group, 


and the Solid-Line Curve the Rear Group 


do that so that the engine will continue to fire regu- 
larly, but to put in enough more fuel to bring the mix- 
ture, as rapidly as possible, up to maximum-torque 
proportions, assuming that we desire to run economi- 
cally of fuel when we are not demanding the maximum 
power. This means that a considerable development in 
the handling of accelerating fuel is needed. To main- 
tain the strength and to keep the engine firing regu- 
larly, we must put extra fuel in very quickly. At the 
same time, because of some other things, we must not 
put it all in at once. The whole quantity must not go 
in instantaneously or some few of the cylinders in a 


multi-cylinder engine will be “loaded” with an excess of 
gasoline. 

When we put two or more carbureters on an engine 
we virtually double the distribution troubles. Not only 
so, but, if we are going on with considerations of the 
accelerating fuel, not only must the accelerating fuel 
be portioned in quantities suitable to the conditions in 
the short and the long manifolds, but we must main- 
tain suitable mixtures in spite of this difference in 
quantity of fuel that must be applied. In general, the 
short manifold requires less accelerating fuel than the 
other. My experience with one of the present recog- 
nized standard eight-cylinder engines is that the short 
manifold, to apply maximum-torque mixtures from 
lean ones, takes about 0.7 the amount of accelerating 
fuel that the long one does. However, in general, the 
distribution after the mixture gets into the primary 
branch of the manifold where the stream divides to 
supply the cylinders is better in the case of the long 
manifold, as more time is available in which to ap- 
proach more nearly complete vaporization. 


Distribution-Testing Instrument Being Developed 


We have heard a great deal from previous speakers 
about using exhaust-gas analysis to study mixture-dis- 
tribution. I will agree that some very valuable work 
has been done in this respect and attempts have been 
made to use it on an automobile on the road; but the 
men who have done that work will, I think, agree that 
the results were not entirely satisfactory; they were 
not reliable or conclusive. I have attempted to canvass 
all of this situation and to evolve a method whereby we 
could install an apparatus on a car, ride in the car and 
see at once where the distribution is. 

I have in process now an instrument through which 
we run an adding-machine ribbon 2 5/16 in. wide. On 
this ribbon we intend to compare all but one of the 
cylinders of an engine with that one cylinder. If, for 
instance, No. 1 cylinder is our reference cylinder, the 
other cylinders, for peak pressure, will be directly 
compared with No. 1 on this ribbon, which will be 
scaled for difference in pressure. The instrument will 
make consecutive records; that is, it will compare No. 
2 with No. 1, No. 3 with No. 1, and soon. This change- 
over will be done automatically; we will get 2-in. 
lengths of records of comparison in that way, one after 
the other. We shall drive the car under any operating 
conditions and then look the ribbon over at our leisure. 
Graphed simultaneously on this ribbon will be a record 
of the intake pressure, as showing the relative load on 
the engine; and also a significant temperature. 
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ussionvof Motion Pictures 
Shown by H.W.Raymonp* 
MRAe at the Semi-Annual Meeting 


SUBSEQUENT to the exhibition and description of 

motion pictures which illustrated the operation of 
semi-trailers and four-wheel trailers built by the 
company Mr. Raymond represents, the subject was 
discussed by several members present at the session 
and answers were given by Mr. Raymond to questions 
asked. Among the types of equipment illustrated in 
the motion pictures was that shown in the headpiec« 
of this article, illustrating a fleet of semi-trailers 
in loading position at one of the depots in St. Louis. 

A type of tractor-semi-trailer equipment used by 
the Arthur Dixon Co. in Chicago for transferring 
less-than-carload lots of freight for the Wabash Raii- 


7 


W. J. Durry’:—How far forward of the rear axle 
of the tractor can the semi-trailer body be hitched and 
still have its legs lifted from the ground? 

1Sales manager, Lapeer Trailer Corp., Lapeer, Mich. 


2 General manager, Big Three, In« 


, Bosten & Maine Transporta- 
tion Co., Boston 





way Co. is shown in Fig. 2, and Fig. 3 illustrates a 
type of tractor and drop-frame semi-trailer provided 
with pneumatic tires which is being used extensively 
for the long-distance moving of household furniture. 
This equipment has the advantage that a much larger 
body can be mounted on the semi-trailer than it is 
possible to mount on a standard truck. 

The tractor, semi-trailer and four-wheel trailer 
pneumatic-tired equipment used by the Buick Motcr 
Co. at Flint, Mich., is shown in Fig. 1. Special trac- 
tor, semi-trailer and six-wheel-trailer solid-tired equip- 
ment used by the Union Service Co., in St. Louis 
to haul gasoline is shown in Fig. 4. 


H. W. RAYMOND:—When trailers are to be uncoupled 
from the tractor, two factors determine how far for- 
ward the body can be carried; first, the location of the 
center line of the fifth wheel, which should be placed 
at least 3 in. forward of the center line of the rear axle 
of the tractor and may, in some instances, be placed as 
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far as 10 in. forward. The second factor is that the 
body must not be carried too far forward of the sup- 
porting legs because in that case the trailer might tip 
down at the front end, or “nose-dive’” when it is un- 
coupled from the tractor and heavy loads are placed on 
the forward end of the trailer which overhangs the 
supporting legs. 

We are limited in how far forward the supporting 
legs may be placed by the fact that they must be far 
enough to the rear to provide clearance between the 
rear of the tractor and the supporting legs when the 
trailer is coupled to the tractor. With our trailers, the 
supporting legs are carried forward approximately 12 
in. during the uncoupling operation. This assists very 
materially in overcoming the possibility of nose-diving. 

Mr. Durry:—How far forward can the body be 
brought and still be back far enough to make a right- 
angle turn with relation to the tractor? 

Mr. RAYMOND:—When the tractor is turned at right 






Fic. 38 — Trac- 
TOR-SEMI- 
TRAILER PNEU- 
MATIC-T IRED 
EQUIPMENT 
USED FOR 
LONG-DIs- 
TANCE MOVING 
OF HOUSEHOLD 
FURNITURE 


angles to the trailer, there must be a distance of at 
least one-half the width of the body, plus 3 in., between 
the center of the king-pin and the rear of the cab. 
When the tractor and the trailer are at a right angle, 
half of the width of the body is between the king-pin 
and the back of the cab; but 3 in. more should be al- 
lowed for clearance in turning. If the trailer has a 
round front-end, the distance must still be one-half the 
width of the body. Some clearance is needed because, 

®M.S.A.E.—Field engineer, tire-development department, United 
States Rubber Co., Detroit 


‘M.S.A.E.—Engineer, Fruehauf Trailer Co., Detroit. 


otherwise, the tractor may be tipped up and the back 
of the cab and the front of the trailer will come to- 
gether. 

B. J. LEMON*:—On account of the increased speeds 
at which trucks are running with trailers, what is the 
tendency at present and what can we expect in the 
future as to the type of tire for the trailer? 

Mr. RAYMOND:—I think the type of tire on trailers 
is following the change in the type of tire on trucks. 
We have equipped more trailers this year with pneu- 
matic tires than we did last year. The type is very 
rapidly changing to pneumatic tires on trailers for 
highway work because, on account of the heat gener- 
ated, the solid tires will not stand up above a speed of 
20 to 25 m.p.h. 


Large Field for Tractor-Trailer Haulage 


W. G. RETZLAFF‘:—In the past the truck manufac- 
turer has shown more or less opposition to the trailer 
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industry, feeling that the sale of a trailer robbed him 
of a truck sale; but I believe this to be a fallacy and 
that most of this opposition has been overcome. In a 
recent instance, a contractor planned to haul gravel by 
railroad from a pit near Flint, Mich., to where paving 
was being done; but he became convinced that hauling 
it with tractors and trailers would be cheaper, and 


bought 20 tractors and 40 trailers. Many of the elec- 
tric lines in Michigan, Ohio and other States, are now 
using tractors and trailers to haul freight. Recent 
statistics show tha‘! only 3 per cent of all the freight 
handled today is hauled by tractors and trailers, and 
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that the balance is still hauled in railroad cars. This 
indicates a wonderful future for both the tractor- 
trailer and the motor-truck in the haulage of freight. 
The use of trailers makes it possible to compete with 
the railroads up to a distance of about 300 miles; with 
the motor-truck alone, the limit was 25 to 40 miles. 

F. C. HORNER’:—Did you say that tractor-trailer 
equipment—semi-trailer or four-wheel trailer or what- 
ever combination you want to make—can compete with 
railroad freight-haulage for as great a distance as 300 
miles? 

Mr. RETZLAFF :—Yes, that is being done today. An 
established truck line over which freight is hauled op- 
erates from Detroit to Chicago and up to Milwaukee, 
and it is competing successfully with the railroads. 

Mr. HORNER:—Do you not wish to qualify that state- 
ment by saying, “they can do that under special condi- 
tions”? You do not mean that any form of motor 
transport can compete with the railroads for 300 miles 
when hauling a miscellaneous run of freight? 

Mr. RETZLAFF:—I mean long distance’ general 
freight hauling; probably from depot to depot. 

Mr. HORNER:—General freight hauling? You are 








Fic. 4—SpeEcIAL SEMI-TRAILER AND SIX-WHEEL-TRAILER EQUIPMENT USED FOR 


HAULING GASOLINE 


making’ the case general? You do not mean special 
conditions with special commodities? 

Mr. RETZLAFF :—No. 

Mr. HORNER:—What class of commodities are han- 
dled ? 

Mr. RETZLAFF:—One large mail-order company is 
using truck-and-trailer freight haulage methods from 
Chicago to Detroit. An interstate motor-freight com- 
pany also is hauling regularly between Chicago and 
Detroit, and an Ohio motor-freight company is hauling 
from points as far south as Cincinnati to Toledo, Chi- 
cago, Jackson, Flint, and Detroit. 

Mr. HORNER:—They do not haul special commodities, 
but just general-run merchandise? 

Mr. RETZLAFF:—Just general freight. They are 


5 M.S.A.E. Assistant to vice-president, General Motors Corp., 
New York City. 


®M.S.A.E.—Manager, development department, Firestone Tire 
& Rubber Co., Akron, Ohio, 


using 5-ton tractors for pulling, and 10-ton-load four- 
wheel trailers. 

Mr. HORNER:—They haul a 20-ton paid load? 

Mr. RETZLAFF:—Yes. An interstate line between 
Chicago and Detroit pays its men under a bonus sys- 
tem; the rate is about 10 cents per mile, that is, 5 cents 
per mile for each two men and the company is mak- 
ing money and paying for its trucks. 

Mr. HORNER :—How long has that operation been in 
effect ? 

Mr. RETZLAFF:—Almost a year. I believe there are 
now three or four competing lines. 


Contract Haulage with Trailers 


Mr. HORNER:—Does the mail-order company deal 
with a hauling contractor, or does the company own 
the equipment? 

Mr. RETZLAFF:—A regular cartage contractor hauls 
the freight. He is now delivering automobiles di- 
rect from the factory; trailers 50 ft. long are run from 
Pontiac to Chicago, each loaded with four or five auto- 
mobiles, and the cars are delivered direct to the door 
of the dealer’s warehouse. 

Mr. Durry:—What is the cost of 
operation of that particular 300-mile 
run? 

Mr. RETZLAFF:—I cannot tell you 
exactly; roughly, we tell a buyer that 
he will save from 20 to 40 per cent 
if he adopts the _ tractor - trailer 
method. 

Mr. Durry:—Is the 10 cents per 
mile the gross revenue? 

Mr. RETZLAFF:—No, that is what 
the drivers earn; two men work to- 
gether and while one man drives the 
other sleeps. They make round trips. 
The 10 cents per mile is the direct- 
labor charge. 

Mr. Durry:—And that is in com- 
petition with the railroads? 

Mr. RETZLAFF:—Yes. These men 
can also pick up freight at certain stores or fac- 
tories and deliver it in say Chicago at the door of an- 
other factory, and there is a great saving of time. The 
average delivery time for a railroad shipment from 
Chicago to Detroit is three to four days, but truck- 
and-trailer delivery can be made within 24 hr. 

J. E. HALE’:—That sounds like the problem we face 
in handling customers who insist on hand-to-mouth 
buying. The car manufacturers in Detroit will not 
give us releases on tires long enough ahead and we 
have to give over-night delivery on tires from Akron. 
We ship many trailer loads of tires from Akron to 
Detroit, a 200-mile run, give that over-night service 
and pay what it costs, just to satisfy this hand-to-mouth 
buying on the part of the Detroit purchasing agents. I 
do not know about the costs; but the trailer system 
works, and we deliver the goods. 

Mr. HoRNER:—Are you operating those trailers? 

Mr. HALE:—No, a cartage company operates them. 
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Automotive Research 


Friction-Coefficient Research 


By Louis ILumMEr' 








NE OF the more important test contributions 

to this subject matter is found in a recent 

paper by Prof. John Goodman entitled, An 
Experimental Determination of the Distribution and 
Thickness of the Oil-Film in Flooded Cylindrical Bear- 
ings, as presented before the Institute of Civil Engi- 
neers. This report seems to have received scant pub- 
licity in this Country as yet, but, since it attacks the 
friction problem along distinctive lines, automotive 
engineers will presumably be interested in having their 
attention directed to this piece of research work. 

The Goodman tests were run upon a specially built 
friction machine using a 6-in. dia. x 3-in. long journal 
that dipped into an oil bath in the Tower manner. A 
characteristic of this test resides in the use of a fit 
clearance much looser than 
that generally employed in 
laboratory work. As a result, 
the friction coefficient was 
found to change inversely with 
the square root of the unit 
pressure P and not in the 1/P 
relation that applies to the 
Tower and Lasche findings; 
that is to say, in the Goodman 
test the friction coefficient 
drops at a relatively slower 
rate with increased unit pres- 


The author reviews the test con- 
tributions of John Goodman to 
the subject of friction research, 
which tests have attracted wide at- 
tention in England, and outlines 
his own work along analytical re- 
search lines toward a_ practical 
solution of bearing-design prob- 
lems. This article serves as an in- 





troversy arose in defence of the prevailing theory. 
Some of those taking part held that, owing to such 
divergent findings, the generally accepted theory might 
be faulty or incomplete and not directly applicable to 
loosely fitted journals. 

On the other hand, one of the commentators went so 
far as to regret failure by Goodman to attain any use- 
ful or informative results. Such unwonted criticism 
is thought to reveal a lack of understanding as to what 
really constitutes the distinguishing feature of film 
lubrication. The rather formidable friction theory in 
question was derived after making certain simplifying 
assumptions and is predicated upon limited experimen- 
tal research; nor has the vast amount of supplementary 
test data of a somewhat different but equally important 
character that has been ac- 
cumulating since Tower first 
published his classical experi- 
ments, some 50 years ago, been 
systematized and duly taken 
into account. 

Undoubtedly a common 
basis does underlie all kinds of 
substantially fluid shear-fric- 
tion behavior. In seeking this 
key, the more effective proced- 
ure is not to fixedly follow the 


sure and starts from a lower 
initial value when running un- 
der moderate-pressure condi- 
tions. 

It so happens that the Good- 
man findings closely represent 


troduction to a comprehensive sur- 
vey which Mr. Illmer has made of 
many representative friction ex- 
periments directed toward _per- 
fecting oil-film lubrication, with 
the intent to establish if possible 
the actual behavior of friction 


lead of some preconceived no- 
tion as to just how friction 
might be expected to behave, 
but rather to allow the weight 
of accumulated test evidence to 
direct impartially the pathway 
toward further advances in 


conditions prevailing in most 
bearings used in commercial 
practice, such as automobile- 
crankshaft and electric-motor 
bearings, railway-car journals 
and the like, and hence permit 
of quite accurately predeter- 
mining friction expectations 
of this kind. 

The rather long discussion appended to the cited 
paper makes evident that in England at least this re- 
port has attracted wide attention, particularly so be- 
cause Goodman made some rather extended comparisons 
between his test observations and those obtained by 
means of the current hydrodynamic theory of film lu- 
brication. Goodman set out to show that the amount 
of journal clearance would prove to be the key to much 
of the discrepancy between theory and experiment. No 
substantial agreement was found except under relative- 
ly light unit loads. As a consequence, an extended con- 


1M.S.A.E.—Research engineer, patent attorney, Cortland, N. Y. 


2See Proceedings of the Institute of Civil Engineers, vol. 226, 
part 2, p. 242 


phenomena under widely different 
operating conditions. The survey 
will be the subject of a research 
paper at the Annual Meeting of the 
Society in January. 





this art. 

The writer hereof has for 
some time striven to find a 
practical solution along analy- 
tical research lines, especially 
such as might prove useful in 
solving bearing-design prob- 
lems. To this end, a compre- 
hensive survey or summary 
has been made of many representative friction experi- 
ments that are directed toward perfecting oil-film lubri- 
cation, with the intent to establish if possible the actual 
behavior of friction phenomena under widely different 
operating conditions. These findings are to be pub- 
lished as a research paper before the forthcoming An- 
nual Meeting of the Society of Automotive Engineers. 

Friction coefficients of the kind indicated are found 
to be dependent upon a number of controlling factors 
some of which have hitherto been entirely ignored or 
not adequately taken into account in many of the re- 
ported friction determinations. For each such test 
series that proved of value, a separate equation has 
been deduced that is believed to be fairly representative 
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of the particular test. Such coordinated data have 
then, by plot, been pieced together with a view of 
finding a reasonably reliable but simple method for pre- 
determining the friction losses likely to occur in the 
more common types of commercial bearings. 

When this method had been applied to a rather wide 
range of determinations covering some 30 leading tests, 
the results still revealed certain inconsistencies and it 
was necessary to seek further corrective factors that 
might reconcile and bring these seeming discrepancies 
into harmonious relation. In this connection it should 
be remembered that the conventional friction coefficient 
is not a physical constant in a rational sense but mere- 
ly represents a convenient but arbitrary measure of 
bearing efficiency. 


Journal Friction Controlled by Pressure Factor 


The cited investigation shows that oil-borne-journal 
friction, while dependent upon absolute viscosity and 
surface rubbing velocity, is primarily controlled by the 
pressure factor and the rate with which the friction 
coefficient is modified with pressure change. When the 
unit load is held within the critical limit which the oil 
is capable of sustaining without film breakdown, the 
resulting friction coefficient will vary inversely with 
some predeterminable root of the pressure intensity 
and this fixed root value, in turn, becomes a measure of 
the relative rate of friction change. It is emphasized 
that, while such pressure roots usually assume a value 
less than unity, they will, under favorable conditions, 
nevertheless afford a relatively low friction coefficient. 
However, when the oil-film has been loaded too heavily 
so as to bring about virtual breakdown, the resulting 
“intermediate” friction will no longer change inversely 
with pressure increase but directly therewith. 

One frequently overlooked factor of outstanding im- 
portance is the journal fit. The present research shows 
the fit to be capable of exerting a direct influence upon 
the cited pressure root or rate of coefficient change. 

Further factors that are found to modify friction 
coefficients have to do with the oil feed, rigidity of 
bearing structure and like operating circumstances; 
and these require appraisal so as to arrive at a correct 
evaluation of friction losses. There remains still an- 
other component that must be taken into account; 
namely, one that fixes the point at which a bearing 
reaches the maximum realizable amount of film contact 
under any given operating conditions. The arc of film 
contact or degree of effective fluid bedding does not 
usually ‘extend over the whole of the available bearing- 
area. The present study discloses that, after a certain 
limiting portion of the entire projected bearing-area 
has been brought into service, the supporting oil film 
is no longer unconstrained but apparently becomes too 
crowded for proper formation. The resulting friction 
coefficient thereupon changes over into a higher or 


partly “intermediate” value and follows a different law. 
The point at which such shift occurs varies with the 
journal fit and other bearing-design characteristics, but 
its critical value, if not otherwise known from experi- 
ence, can be roughly appraised from given constants. 


Advantages of Tabulated Constants of Coefficients 


This simple empirical mode of treatment offers an 
important advantage in that it can readily be applied 
to solving many of the more common fluid-friction 
problems without resort to intricate corrections to make 
the results conform to expectations. In addition, a basic 
reference equation has been deduced that is representa- 
tive of perfect film lubrication and serves as a criterion 
with which to compare the more complex oil-borne-fric- 
tion coefficients. 

As intimated, the aim of the prospective paper has 
been to discuss the findings from a practical viewpoint. 
Examples are given as to how the deductions can be 
used to advantage in determining friction losses occur- 
ring in automobile crankshafts, railway-car journals 
and other like common commercial applications. Fric- 
tion coefficients pertaining to high-speed-engine crank- 
shafts are difficult to determine experimentally and 
published tests that fix upon the friction effect due to 
inertia pressure, as measured apart from piston fric- 
tion, seem to be lacking. 

Imperfect rigidity of such heavily loaded shafts and 
also the required closeness of journal fit are shown to 
augment automobile-bearing friction over that ob- 
tained in dead-load bearings of the conventional type. 
An estimate for a six-cylinder 314 x 4%-in. engine run- 
ning at about 2500 r.p.m. points to a crankshaft-bear- 
ing friction loss of nearly 4 h.p., which is found to be 
approximately twice that estimated on the basis of the 
cited minimum-friction reference equation. The in- 
dications are that continued analytical research along 
the lines herein advocated should lead to a further re- 
duction in the needless portion of such power wastage. 

Before a rational theory for friction behavior can 
be established upon an entirely satisfactory basis, a 
thorough fact-finding analysis should be made with the 
view of properly coordinating the laboriously acquired 
test data that have now accumulated with the years. 
In the forthcoming paper the writer attempts to con- 
dense the results of this vast experimental work into a 
relatively simple algebraic formulation that should not 
only prove most helpful in the direction indicated but, 
at the same time, constitute a reliable guide for the de- 
signing engineer. Experimental verification of any 
theoretical method of approach is invaluable. This is 
especially true when the variables determining fluid 
friction are so many as to make exceedingly difficult the 
giving of due weight to all of them and at the same 
time allow for the hidden effects that have heretofore 
been generally ignored. 


Standardization Activities — 


NE OF the sub- 

jects that have 
been considered re- 
currently for stand- 
ardization by the 
Society is the inter- 
changeability of 
tractor-trailer fifth- 
wheels and the pintle couplings for 
four-wheel trailers. Commercial condi- 
tions for several years have apparently 
precluded real fifth-wheel standardiza- 
tion, but shortly after the World War 
the Society adopted a standard for 
pintle hooks that followed closely the 
standard then established by the Motor 
Transport Corps of the United States 
Army. This pintle subsequently became 
obsolete and the standard adopted by 
the Society was recently cancelled. 

The necessity for standardization of 
the tractor fifth-wheel connection has 
again been discussed by the Transpor- 
tation Committee of the Society, as this 
type of equipment is an important fac- 
tor in freight handling by motor-vehi- 
cles at large terminals. 

A meeting of the members of the 
Transportation Committee and_ the 
Motor-Truck Division of the Standards 
Committee was held early in October 
during the American Electric Railway 
Association Convention at Atlantic 
City, at which representatives of the 
truck and the trailer manufacturers 
were cordially invited to take part. In 
discussing the subject at the meeting, 
the difficulties of the contract haulers 
were outlined and the opinion was ex- 
pressed by almost all those concerned 
with such a program that standardiza- 
tion to some extent should be estab- 
lished. 

One suggestion offered was that the 
manufacturers of trucks and trailers 
develop a coupling design, which could 
be termed a standard, that would cor- 
respond to the fifth-wheel connections 
used before the commercial introduc- 
tion of the semi-automatic and the fully 
automatic types, leaving each trailer 
manufacturer free to continue the use 
of his particular type of fifth-wheel 
connection in cases where his business 
might make it desirable for him to do 
so. 


Trailer Men To Cooperate 


The meeting indicated a general de- 
sire for cooperation in this direction 
and expressed the opinion that some- 
thing should be done soon toward stand- 
ardization, although it may take several 
years actually to put such a standard 
into commercial practice. It was felt 
that the pintle-connection problem is 
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Tractor Fifth-W heels and Pintles | «.« 


Committee To Study Trailer-Coupler Standardization 
Authorized at Meeting in Atlantic City 


much simpler and can be handled by 
the same group that considers the fifth- 
wheel connections. Agreement was 
reached that a committee of the Motor- 
Truck Division of the Standards Com- 
mittee be appointed to take up this 
work promptly. Charles S. Lyon, of the 
Motor Haulage Co., Inc., agreed to 
serve as Chairman of the committee, 
the other members to be designated 
later by him in conference with the 
Chairman of the Transportation Com- 
mittee and the Motor-Truck Division. 
The representatives of the trailer com- 
panies who were present indicated their 
desire to cooperate fully in organizing 
the work of the Committee. 

Those in attendance at the meeting 
were: 


F. C. Horner, Gen- 
Motors Corp., 
Chairman of the 
Transportation Com- 
mittee;. N. H. Halli- 
day, J. Walker, D. C. 
Fenner and M. C. 
Horine, of the Inter- 
national Motor Co.; E. H. Willeth, 
Warner Trailer Mfg. Co.; C. L. 
Schneider, A. E. Hickey and W. G. 
Retzlaff, of the Fruehauf Trailer Co.; 
J. M. Orr, of the Equitable Auto Co.; 
George T. Hook and James W. Cottrell, 
of Commercial Car Journal; H. W. 
Raymond, of the Lapeer Trailer Corp.; 
Charles S. Lyon, of the Motor Haulage 
Co., Inc.; C. N. Eason, of the General 
Motors Truck Co.; Adolph Gelpke, of 
the Autocar Co.; J. F. Winchester, of 
the Standard Oil Co. of New Jersey; 
C. A. Ohl, of the Westinghouse Air 
Brake Co.; E. W. Templin, of the Motor 
Mileage Corp.; W. J. Baumgartner, of 
the Relay Motors Corp.; and R. S. 
Burnett, of the Society of Automotive 
Engineers. 





Machine-Pin Standardization 


Preliminary Proposal for Taper Machine-Pins Submitted by 
Subcommittee for Comments by Industries 


PECIAL attention of both manufac- 

turers and users is called to the 
table of taper machine-pins in sizes 
ranging from 1/16 to 1% in. at the 
small end and published herewith, 
with the request that it be carefully 
reviewed and comments, either in ap- 
proval or criticism of the proposal, sent 
to the Society. One of the principal 
points in the report on which opinion 


End Radius 4 (preferred) 


is divided is whether the nominal pin- 
size should be designated by the diam- 
eter at the small end or the large end. 
The Subcommittee would like to have 
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an indication as to which method of 
designating the pin sizes is preferred. 

This project is being worked out un- 
der the auspices of the Sectional Com- 
mittee on Machine Pins, for which the 
Society is one of the sponsors under the 
procedure of the American Standards 
Association. When approved by the 
Sectional Committee, the sponsors and 
the A. S. A., the proposal will be pub- 





Hemi-spherical End 
(not preferred) 


lished as American Standard. The Sub- 
committee that prepared the accom- 
panying proposal first made a careful 
study of taper pins as used at present 
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and has based its proposal on a logical 
sequence of sizes designated nominally 
by even fractional diameters at the 
small end. The proposal of the Subcom- 
mittee follows: 


Report of Subcommittee 


The usual system of taper pins in 
general use has several features which 
it is desirable to eliminate or mini- 
mize when devising a series of such 
pins which would be nationally recog- 
nized and used as American Standard. 
The present system must be kept in 
mind, but, when changed to another 
which might replace it, problems of re- 
placement and interchangeability will 
occur. Such a change would involve the 
pins, drills and taper reamers. 

There are several objectional fea- 
tures to the present series of pins. The 
arbitrary numerical symbolization has 
no direct mathematical relation to the 
actual pin-sizes. In the irregular pro- 
gression from one size to another there 
is no definite constant relationship of 
adjoining sizes, and there are several 
smaller sizes which vary by such small 
increments that they could be elimi- 
nated without impairing the applicabil- 
ity of the series. The use of the larger 
diameter as a basis for size designation 
creates two complications. Since the 
small end varies with each length of 
pin of a given nominal size, a different 


drill-size should theoretically be used 


for each length. Such a multiplicity of 
drill sizes is complicated, impractical 
and costly and counteracts the possibil- 
ity of drill-size simplification. If the 
hole happens to be drilled or reamed 
too large for a given pin, or if the as- 
sembled parts are being re-reamed for 
a newly aligned fit so that the mating 
pin enters the hole too far, it is not pos- 
sible to remedy the defect with a pin 
of the same nominal size, even if it be 
longer. The prolonged end of a longer 
pin will not help. Another objectionable 
feature of the present taper-pins is the 
design of the ends, which are crowned 
in such a way as to leave sharp edges 
at both ends. The edge at the small end 
is not conducive to driving the pin into 
the hole, and damage to the large end 
will result in distortion of the side bear- 
ing-surface. 

The first objection can be eliminated 
by designating the pin sizes in frac- 
tional dimensions, which should be a 
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direct measure of the size of the pin. 
The next objection can be eliminated 
by varying the sizes in increments of 
thirty-seconds, sixteenths, and so on. 
Both complications of the third objec- 
tion can be minimized by adopting the 
small end of the pin as the basis for 
size determination. If the small diam- 
eters of the pins correspond to the usual 
diameters of straight pins, shafts and 
screws, the size of drill will correspond 
with the one used for holes of the same 
nominal size which are to be straight 
reamed. The large diameter of the pin 
of any nominal size will increase with 
length and it will be entirely possible 
to re-fit a job by re-reaming the as- 
sembled parts and using a somewhat 
longer pin of the same nominal size. 














No. 5 
SSS 


compared in Table No. 1 with the sug- 
gested standard, which gives a better 
sequence of spacing between sizes and 
reduces the number of pin diameters 
from 20 to 14 for practically the same 
range of pin sizes. When the pins are 
spaced axially in relation to a refer- 
ence line taken at the apex of a cone 
of which the pins are truncations, their 
relative sizes, diameters, distance from 
the basis of reference, and the spacing 
between adjoining sizes, show an or- 
derly progression. The taper of the 
proposed series is %4 in. per foot, or 1 
in. in 48 in., which is the same as the 
taper of the present pins. Two methods 
of finishing the small ends are shown: 
hemi-spherical and with a _ rounded 
edge with a radius of D/4. The latter 





If the small ends of the pins were type of rounding is favored by the Sub- 
TABLE NO. 1—TAPER MACHINE-PINS 
Present Series Suggested Standard 
Diameter, Usual Diameter, Small End Usual 
Pin | Large Stock ee ee ot Een oo ee Stock 
No. | En Lengths | sengths? 
a g | Nom. Max. Min. —— 
6-0 0.072 Up to % ‘é 0.0620 0.0630 14 to % 
5-0 0.094 Up to %4 Dione bres jeri ar 
40 | 0.109 Up to % 9 0.0932 0.0942 14 to 1 
3-0 0.125 eee? ae a a, poe as We ook Cee ASA, ee 
2-0 0.141 14 to 2 ly 0.1245 0.1255 | l4to1l% 
0 0.156 | 4g oe Be ee a eee ee eee 
1 0.172 | w%to3 ya 0.1557 | 0.1567 % to 2 
ae? we th Chm eee eee pees peer 
3 0.219 34 to 3% 6 0.1870 0.1880 34 to 214 
4 0.250 ee tar eer Peas on) ae 
5 0.289 | 34 to 4 14 0.2495 | 0.2505 1 to 3 
6 | 0.341 | %%tod 446 0.3120 | 0.3130 1% to 3% 
7 0.409 | 1to5d 3g «=| «20.3745 0.3755 11% to 4% 
8 0.492 | 14tod ly 0.4990 | 0.5010 | 2to6 
9 | 0.591 | 1%to6 g 0.6240 | 0.6260 | 2%to7% 
10 0.706 1% to 6 3% ~=6 | «60.7490 | 0.7510 | 38to9 
1] 0.857 | 1%to7 By As fa ls er Ae, eer 
12 1.013 | 1%to9 ] | 0.9990 | 1.0010 334 to 12 
13 1.233 11% to 11 1\%4 1.1240 1.1260 | 5to12 
14 1.523 11% to 13 14 1.4990 1.5010 | 6to12 
1 Increments of pin lengths: from % to 1\4, by % in from 114 4, by % i ron 
4 to 8, by % in.; from 8 to 12, by 1 in 


rounded, they could be driven more 
easily, the possibility of cutting would 
be lessened and the rounded large ends 
would avoid bearing-surface deforma- 
tion from hammering. 

The present common series of pins is 


committee. The lengths in the proposed 
standard are limited to from 4 to 12 
times the diameter of the small end of 
the pins and vary in a progression to 
give the minimum variety and to serve 
the maximum utility. 





Production Engineering 


RODUCTION of a 

desirable quality 
of steel depends upon 
the volume of steel 
of that quality that 
can be marketed by 
the steel mill. The 
demands of the auto- 
mobile industry have grown to be so 
great that the steel maker can well 
afford to study its needs, and consid- 
erable room remains for improvement 
in making automobile steels. 

Raw materials at the disposal of the 
steel maker are becoming less desir- 
able; there is an accumulation of less 
desirable ores which, from time to time, 
affect the product of the steel maker 
Therefore it is necessary for the user 
to maintain rigid inspection to control 
the quality of steels received. The 
quality depends largely upon the elimi- 
nation of undesirable impurities. As- 
sociated with these impurities are often 


other undesirable qualities, such as 
gases, segregations and inclusions, that 
are not easily found by chemical 
analysis. 


It is interesting to conjecture the 
tremendous gain to the makers and 
users of automobiles if, in the near 
future, 80 per cent of the undesirable 
impurities now found in commercial 
grades of steel could be eliminated, and 
the next few years may see this 
brought about. One of the most pro- 
gressive-minded engineers of today, 
who has to his credit some very far- 
reaching engineering improvements, 
has outlined principles for attacking 
this problem in a way that, from the 
standpoint of physics, has the possi- 
bility of practical and economical ap- 
plication. Furthermore, the ores which 
are now deemed unusable could be used 
to a much greater extent. 


Desirability of Clean Steel 


Clean steel would result in increases 
in strength, ductility and resistance to 
corrosion. The proposed method for 
eliminating impurities would, it is be- 
lieved, require less than the present 
time for making steel and would be 
less expensive to the steel maker. 
Better steel, made more economically 
and more enduring, cannot but result 
in an expansion in mechanical com- 
forts for the benefit of all. A recent 
estimate of the losses from corrosion 
in the oil and gas industry alone gave 
an astounding figure of several hun- 
dred million dollars per year. Cleaner 





1From an Annual Meeting paper by T. 
McLean Jasper, director of research, A. O. 
Smith Corp., Milwaukee. 





Automobile Steels’ 


New Process May Give Cleaner Steel—Value and 
Functions of Research and Testing Laboratories — 


steel is well worth while if it can save 
even a small percentage of this loss. 

The user of steel, for instance, the 
manufacturer of automobile frames, is 
continually confronted with fabrication 
troubles which can be traced directly 
to impurities in steel. Laboratory 
methods for detecting the inherent 
causes responsible for these troubles 
are not yet applicable to quantity pro- 
duction. The ordinary specification for 
physical properties of steel does not 
cover the question of formability. At 
present no reliable measuring stick is 
available except the most expensive one 
of putting the steel through the 
fabricating process. 


Functions of Plant Laboratories 


This brings us to the value and the 
functions of testing and research labo- 
ratories in the making and using of 
steel. Such laboratories require men 
having technical training which fits 
them to evaluate the commercial con- 
sequences of the conditions confront- 
ing the steel-making and steel-using 
industries. The functions of a plant 
testing laboratory might be outlined as 
the development of sane and usable 
specifications and methods, with con- 
sideration for the commercial aspects 
of the product, and a strict application 
of these specifications so as to elimi- 
nate undesirable materials. National 
bodies, such as the S.A.E. and others, 
are doing valuable and helpful work; 
but their work is so general and 
covers such a wide field that the vari- 
ous plants must work up their own 
specifications so that they may be 
ahead of the general average of the 
industry. As a rule, the progressive 
manufacturer, and not the National 
bodies, is in the van of improvement; 
but manufacturers who follow the find- 
ings of the National bodies will be 
helped because someone else has 
pointed the way. 

The functions of a plant research 
department are to discover improved 
methods of testing and of producing 
materials and in general to cooperate 
with the production and the sales de- 
partments in obtaining the best pos- 
sible results. 

One of the most difficult jobs as- 
signed to the A. O. Smith research 
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laboratory is the de- 
termination of the 
effect of gases and 
inclusions in_ steels. 
Related to this prob- 
lem is that of the 
economic elimination 
of such undesirable 
elements. I have already suggested 
that a possibility exists of decreasing 
gases and inclusions in steel to a very 
large extent in the near future. If 
this can be done economically, it will 
result in a very great step forward 
for the automobile manufacturer. 


Problems of the Frame Maker 


The fabricator of automobile frames 
needs a staff of very capable engineers 
to serve his customers in fabricating 
the intricate shapes which allow the 
most advanced designs of automobiles 
to be made. Without such designs, 
the increased speed and safety of 
operation of the automobile cannot be 
maintained. 

One important innovation in produc- 
ing the kick-up in automobile frames, 
made possible by sound engineering, is 
a machine that has been developed to 
bend a wide strip of steel on edge. 
The outside radius of the bend is 
stretched in bending and the inside 
radius is compressed. When this sheet 
of steel is made into a frame side- 
member, the portion that was original- 
ly stretched is compressed and that 
which was originally compressed is 
stretched. This machine makes pos- 
sible shapes that could not be 
fabricated by the ordinary means. 





Guarding Belt Drives 


UARDS that are well designed 
and well made are a wonderful 
aid in keeping the industrial house 
trim and neat. More than that, well- 
planned guards increase the available 
floor space and head-room. And yet 
the attitude toward belt guards is re- 
sistive, to say the least. 

As a rule, more real engineering and 
more labor are required to devise and 
erect a motor drive on an existing ma- 
chine than to guard properly the one 
or two belts that would be displaced. 
The cost of new motors and wiring is 
an additional investment, while the un- 
favorable power-factor is a continual 
operating charge. 

Belt guards should be designed not 
only with the thought of having the 
safety inspectors pass upon them; other 
points which have a direct bearing 
upon the operator’s safety and his pro- 
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duction capacity should be observed. 
Summarized briefly, the following are 
the principal points which should be 
observed in connection with design, con- 
struction and installation of belt guards: 

(1) The guard should be sturdily con- 
structed, but not too bulky. Its strength 
constitutes a safety factor for the workmen, 
and bulkiness has to do with space require- 
ments around the machines for storage or 
passage. 

(2) It should not obstruct the operator’s 
vision nor prevent the passage of light re- 
quired upon the work. For maintenance pur- 
poses, the design of the guard should be such 
that it will permit ready accessibility to the 
belt, pulleys or gears encased. 

In the manufacture of machinery, 
belt guards could be incorporated with 
other features and the castings made 
to include all. Many instances will be 
found where a part actually will be 
made stronger or better looking by in- 
cluding a shield, or “well”. The haz- 
ard of revolving spokes is removed 
when a guard covers a pulley and in- 
cludes a well for both sides of the belt. 


Guards Save Space and Time 


When a pulley and belt are properly 
guarded, men can work and stock can 
be piled up to within 2 in. of the belt. 
There does not have to be any “no 
man’s land” of about two feet reserved 
all around the belt. This is waste 
space, and the fear of that moving belt 
slows the nearby workman’s speed. In- 
stinctively, he moves more cautiously 
when he approaches the danger area. 

The modern trend toward single- 
pulley drives has stepped-up belt speeds 
considerably. The same power is se- 
cured from a 3-in. belt traveling 4000 
ft. per min. as from a 6-in. belt at 
2000 ft. per min. Space is saved by 
this method, but the hazard is in- 
creased. The need for protection is 
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more evident, and the decreased size of 
the guard needed conserves light and 
material. 

Instead of being something to dodge, 
the belt guard is a thing to be courted. 
One battery of 10 machines was 
changed over to single-pulley drive. 
Originally, there were three belts com- 
ing down to each machine, and the en- 
closing guards were so large that they 
shut off considerable light, although 
made of wire mesh. It was next to 
impossible to get at belts or machine 
parts because of these bulky guards, 
and the machines always were in a 
dirty condition from the dirt and oil 
trapped within them. 


Single-Pulley Drive Lightens Shop 


The change to single-pulley drive 
did away with the forest of belts and 
wire that greeted the eye. The driving 
pulleys were enclosed and sheet-metal 
tubes installed to cover both sides of 
the belts up to the 6-ft. line. Painted 
gray, the guards are hardly noticeable. 
Now the machines can be wiped and 
the whole 
daylight. 

Horizontal belts that lie over work- 
ing spaces or cross aisles ought always 
to have guards beneath them. The 
simplest form is a well-supported plank 
about 50 per cent wider than the belt 
This plank will catch the belt in case 
it breaks, and removes the distressing 
hazard of loose hooks on low belts. 

It is safe to say that, aside from 
drives leading from prime movers, half 
of the belts in use today are not de- 
livering over 50 per cent of their ca- 
pacity. The corrective attitude toward 
these belts should include a study of 
belt guards; and, in a majority of 
cases, these guards could be made to 
yield some badly needed floor space.— 
Houghton’s Black and White. 


section is one of pleasing 











Acid Concentration in Plating 


Nickel Should Be Derived from Anodes—Not from Salts— 
Drop Ratio Set Tests 


CID concentration is a very impor- 

tant attribute of the plating solu- 
tion in more ways than controlling the 
hardness of the resultant deposit. The 
ultimate cost of depositing a stated 
amount of nickel on a base metal varies 
with the acid concentration of the solu- 
tion. To make this clear it must be 
remembered that the actual metal de- 
posited may originate in the nickel 
salts or in the nickel anodes; if all the 
nickel deposited is taken from the plat- 
ing solution, the only way of replenish- 
ing the supply is to add sufficient nickel 
salts to the solution to restore the 
original concentration of actual nickel 


to each gallon of solution. This condi- 
tion is shown in practice by using steel 
instead of nickel anodes in the plating 
bath. The economical way to get the 
nickel into solution is by dissolving it 
from the nickel anodes; a solution that 
is too alkaline will dissolve only a small 
proportion of nickel from the anodes, 
and the remainder must be made up by 
the addition of the nickel salts. When 
the solution has just the correct con- 
centration of acid, a very large pro- 
portion of the nickel will be dissolved 
from the anodes and be taken up by 
the solution. 


The cost of a pound of nickel in the 





form of anodes is very much less than 
the cost of a pound of metallic nickel 


when obtained in the form of nickel 
salts. When this is taken into con- 
sideration, it can easily be seen that 
the cost of depositing nickel from a 
certain solution that is so alkaline that 
it takes up little nickel from the anodes 
is much greater than the cost of plat- 
ing from a properly balanced tank 
containing just the correct acid con- 
centration, as shown by the drop ratio 
set. 

Let us go a little further with these 
facts as a basis. When purchasing 
anodes it is very important to secure 
a pure grade of nickel that does not 
have alloyed with it sufficient other 
metals or substances to either con- 
taminate the nickel solution or affect 
the solubility of the anodes. When 
anodes that are rather insoluble are 
used, the plating solution will not at- 
tack and dissolve them at a sufficient 
rate, and we get back to the condition 
where we have to make up the 4efi- 
ciency of nickel in the solution by the 
addition of nickel salts. This proves 
the fallacy of buying anodes on a price- 
per-pound basis instead of on the basis 
of analysis of the metal. 


Drop Ratio Set Tests Solutions 


The concentration of acid in the elec- 
trolyte can be roughly measured by 
the use of litmus or other similar 
papers. However, tests of this char- 
acter will not give results close enough 
to be of value. Some years ago Mr. 
Blum, of the Bureau of Standards, 
made up a piece of apparatus that will 
accurately measure the concentration 
of acid. It is called a Drop Ratio Set. 

The principle upon which this very 


simple and practical little piece of 


equipment is based is that, when a 
small amount of dye such as Brom 
cresol purple or other similar test 


solution is added to the plating solu- 
tion under test, it changes the color 
somewhat, and the strength of the acid 
content always varies exactly accord- 
ing to the shade of color present. Six 
pairs of small vials are filled with acid 
and alkali solutions The ingredients 
of each pair of these vials are such 
that, when the operator looks through 
them at the light, as at the sky, each 
pair is a different shade from the 
next. 


Measuring the Concentration 


These six pairs of color standards 
are marked pH 5.3, pH 5.7, pH 5.9, 
pH 6.1, pH 6.3 and pH 6.5. The color 
of the vials located near the middle 
of the scale, such as pH 5.9, repre- 
sents a plating solution of about a 
normal concentration of acid. A color 
of the plating solution toward pH 5.3 
denotes a more acid and more brittle 
deposit of nickel, and a color approach- 
ing pH 6.5 indicates a more alkaline 
or ductile deposit. 
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To find the exact condition of the 
plating solution, the color of the vial 
of sample solution containing a few 
drops of the indicator is matched up 
with one of the pairs of color stand- 
ards, and this shows the exact acid con- 
centration. 

The six pairs of standard color vials 
simply form an arbitrary scale. The 
symbol pH is called hydrogen ion; thus, 
pH 5.9 means that a solution giving a 
plate of average hardness has a hydro- 
gen-ion content of pH 5.9. 

It is customary to test a plating 
solution with such a set at short in- 
tervals. When it is found that the 
solution is gradually getting either too 
acid or too alkaline, it is brought back 
to normal by the addition of suitable 
alkali or acid to the plating bath.— 
L. B. Johnson, in Oakite News Service. 





X-Ray Inspection of Castings 


HE EARNEST desire of every 

honest manufacturer is to sell to 
his customers articles free from defects 
and flaws; and the science of radiog- 
raphy places at his disposal a new 
inspection tool which preserves a 
unique property, namely, the means of 
seeing the inside of opaque material 
without causing damage to it. 

The manufacturer is faced with in- 
spectors of two kinds, the over-zealous 
and the careless. Both present prob- 
lems which X-ray examination can 
solve. To make inspection effective, 
the man’s word must be taken and his 
rejected material thrown away without 
question or he will soon join the care- 
less class. Inspection by careless 
workmen means goods on the market 
which react to create a direct loss 
through lack of confidence and de- 
creased sales. Inspection by over- 


careful workmen means a direct loss 
through rejection of material which 
might be put in service. The inspector 
in any case can only judge the internal 
construction through his accumulated 
knowledge and the visual appearance 
of the object. 

An X-ray examination of this mate- 
rial would in many cases reclaim a con- 
siderable portion. In the case of the 
careless type of inspector the knowl- 
edge that his work could be checked by 
X-ray examination would rapidly con- 
vert him to more careful work. 

With the possibility of an X-ray ex- 
amination also, there will come im- 
provement in the output of the work- 
men whose work comes to inspeetors’ 
hands completely hidden, as is the case 
with some assembled articles. The pos- 
sibilities and advantages of this 
method of inspection are not as widely 
appreciated as they should be, and an 
investigation will show that in innum- 
erable cases it is a rapid, sure, and eco- 
nomical way to secure the desired in- 
formation. 

X-ray inspection is applicable to 
practically all opaque material of lim- 
ited thickness and atomic weight. It 
has been used successfully in the ex- 
amination of cast steel, bronze, and 
aluminum; welds, munitions, molded 
articles, aircraft, wood and metal 
parts, rubber, ceramics, clay pots for 
the glass industry, electric insulators, 
radio tubes, coal, and innumerable 
other articles. 

In the case of new castings, the in- 
ternal construction is still much of an 
unknown quantity and in many cases 
it is very important to find out what it 
is. X-rays offer the solution to this 
problem and have been so used to great 
advantage. 

In foundries there are several pur- 
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poses for which X-rays may be used 
most efficiently. It is quite customary to 
make pilot castings of new parts which 
are cut up for examination. The ex- 
amination can be made just as satis- 
factorily by X-rays and the casting 
saved for service. If it is defective, it 
may be sawed and the type of defect 
studied. In fact, with a little experi- 
ence in reading radiographs, the typi- 
cal kinds of flaws—such as gas cavity, 
sand and slag inclusions, metal segre- 
gations, and the like—can be detected 
without sawing. The examination of 
pilot castings would lead, in case of 
defects, to different methods of gating, 
which will either remove the flaws or 
place them where they will do no harm. 

Such a method should produce cast- 
ings which are free from dangerous 
flaws and, if the engineer were sure 
of this, the casting might be designed 
very much lighter, for most castings 
which have to play a vital part or are 
subjected to severe strain are designed 
to give a high factor of safety. A re- 
duction in weight of any part means a 
similar reduction in any of the sup- 
porting parts, and it will be readily 
seen that there are possibilities of 
great savings in material—From X- 
Rays in Industry; Eastman Kodak Co. 

[Papers on industrial uses of X-rays 
have been published in the S.A.E. 
JOURNAL as follows: Application of X- 
Rays in the Automotive Industry, by 
George L. Clark, Robert H. Aborn and 
Elmer W. Brugmann, February, 1927, 
p. 291; X-Ray Testing of Metals at 
Watertown Arsenal, by H: H. Lester, 
August, 1927, p. 155; and information 
regarding precautions required, in the 
discussion of Spectroscopic Study of 
Fuels and Analysis of Detonation 
Theories, by George L. Clark, August, 
1928, p. 173.] 
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of California, at a joint meeting of 
the Service Managers Association and 
the Southern California Section in Los 
Angeles. Discussion centered on what 
constitutes the best practice in over- 
hauling a gasoline internal-combustion 
engine and two papers were presented, 
the one by J. E. Van Sant having been 
printed in abstract form in the October, 
1929, issue of the S.A.E. JOURNAL on 
p. 424. A portion of Mr. Foster’s 
paper, which covers the method of dis- 
mantling and handling an_ engine, 
crankshaft-grinding practice, cylinder- 
block and piston reconditioning, is 
printed herewith. It is expected that 
the practice with reference to valves 
and main-bearing reinstallation, as de- 
scribed by Mr. Foster, together with 
other details of engine-overhauling pro- 
cedure, will be printed in a later issue. 


Engine-Rebuilding Methods 


The methods used in the rebuilding 
of motor-vehicle engines are less stand- 
ardized than for any other vehicle part, 
according to Mr. Foster, presumably 
because of the lack of tools and ma- 
chinery that can be used universally on 


all jobs. He continued as follows: 
Our shop has rebuilt nearly 1000 
engines in the last eight years. The 


original equipment consisted mainly of 
a running-in machine driven by a 30- 
hp. electric motor, a reamer set and a 
few hand-tools; since then, certain tools 
which we have developed ourselves have 
been added. Our present rebuilding 
practice is as follows: 

The oil is drained from the engine 
and transmission prior to removal of 
the engine from the chassis. The trans- 
mission, if it is a unit powerplant, and 
all accessories such as the fan and 
carbureter, are left on. The unit is 
placed on a flat dolly about 3 ft. wide 
by 4% ft. long, which has a large 
caster under each corner and can be 
pushed to any part of the shop. The 
electrical units are removed, tagged 
and sent to the electrical department 
to be checked and tested. A ring lifter 
is screwed into a spark-plug hole, the 
engine is hoisted over a cleaning tank, 
and the outside of the engine is cleaned 
of oil, dirt and loose paint by a strong 
cleaning solution which is circulated 
through a hose by a pump. The solu- 
tion is directed into the oil-fill openings 


and the inside of the crankcase, and 
the transmission is flushed. The power- 
plant is replaced on the dolly, pushed 
to the engine department, and there 
dismantled on the dolly. 

Cylinder-heads and cylinder-blocks, if 
detachable, are immersed in the clean- 
ing tank in an inverted position for 4 
hr. or longer to loosen .and remove de- 
posits in the combustion-chambers, ex- 
haust passages and _ water-jackets. 
Aluminum or alloy parts are never 
immersed in the tank, because a chemi- 
cal action loosens the surface of the 
metal so that it falls off and circulates 
with the oil after the part is put into 
use. This material is gritty and very 
destructive to the engine. Parts with 
babbitt bushings and bearings are not 
left in the cleaning solution, because 
it would deteriorate them. 

After complete dismantling, all parts 
are checked for wear and necessary 
replacements ordered. It does not pay 
to take for granted that some particu- 
lar insignificant part which has never 
needed replacement is in good condi- 
tion. Every part is inspected and new 
parts ordered to minimize possible de- 
lays in reassembling. 


Crankshaft-Grinding Practice 


We have no set rule specifying how 
much out-of-round a crankshaft can be 
before it should be ground. Usually, if 
any part is 0.001 in. out-of-round it is 
ground; but it is not desirable to re- 
install in an engine a crankshaft which 
is out-of-round more than 0.0005 in. If 
three throws are flat by 0.0005 in. and 
the fourth is flat by 0.001 in., all 
throws are ground and new bearings 
are fitted. The shaft usually becomes 
out-of-round at the center main bear- 
ing before out-of-roundness occurs at 
the other bearings on a _ three-main- 
bearing engine, but it is never ground 
unless it is flat a full 0.001 in. If the 
timing-gear mesh is correct and the 
end main bearings are in good condi- 
tion, the shaft is ground at the center 
main bearing only and a new bearing 
is fitted. This is generally regarded as 
bad practice, but it saves time and ex- 
pense and has been done successfully 
for years on shafts for three-main- 
bearing engines. 

On crankshafts having seven main 
bearings, if the shaft at one main bear- 
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chance on the possibility of the slightest 
misalignment in the final fit of the new 
bearing. 

It is specified to the grinder that 
crankshaft throws must all be ground 
to one size. A tolerance of +0.0005 in. 
is allowed; on ordinary jobs, the 
grinder is allowed to take off 0.012 in. 
On three-main-bearing crankshafts 
having bearings of different diameters, 
the grinder is instructed to “clean up” 
only; seven-main-bearing crankshafts 
having bearings of the same diameter 
are ground to size, the object in these 
procedures being the saving of time in 
setting tools for finishing bearings. 

In the case of connecting-rod bear- 


ings, if an engine bearing fails in 
service, the size is ascertained and a 


connecting-rod bearing is bored to that 
size and sent to the vehicle. All our 
crankshaft grinding is done outside by 
commercial grinders, who grind to spe- 
cifications because they know a check- 
up will be made. Crankshafts from 
small four-cylinder engines are never 
ground but, because of the small cost, 
are replaced with new ones; all the 
bearings are then of standard size. 


Cylinder-Block and Piston 
Reconditioning 


Reconditioning of Ford _ cylinder- 
blocks is by honing, and stock oversize 
pistons are fitted. In instances requir- 
ing the removal of considerable metal 
to straighten the bore, the block is re- 
conditioned by the usual Ford service 
method. Chevrolet cylinder-blocks are 
reconditioned by honing and fitting 
stock oversize pistons, or by grinding. 
The use of hones is limited on other 
work to the removal of small scores and 
the straightening of cylinders which 
have become tapered 0.003 to 0.004 in. 
by wear. 

Passenger-car-engine cylinder-blocks 
having a taper of 0.004 in. or more 
are sent to commercial operators to be 
ground, and also motor-truck cylinder- 
blocks in which the cylinders have 
worn 0.004 to 0.007 in., depending on 
cylinder-bore diameter. All engine 
cylinders must be ground to size within 
a reasonable degree of tolerance, one 
with another, of say 0.002 or 0.003 in., 
and each cylinder must be within 0.001 
in. of being straight and round. 


Cast-iron-piston clearance at the 
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skirt is based on 0.001 in. of clearance 
per inch of diameter, and to this clear- 
ance is added a 0.0005-in. tolerance; for 
example, a 5-in. piston would have 
a minimum clearance of 0.0050 in. and 
a maximum clearance of 0.0055 in. The 
smallest diameter in the cylinder is con- 
sidered as the diameter of the cylinder 
when measuring for clearance. Pistons 
are measured on the skirt between the 
bottom ring and the piston-pin. Alloy 
pistons are fitted to the degree of clear- 
ance recommended by the makers. 


We use step-cut piston-rings but do 
not often use oil rings on reground jobs 
because the grinding of cylinders and 
proper fitting of pistons holds the oil 
where it belongs. Of nearly 50 differ- 
ent models of engine that have been 
rebuilt in our shop, only two or three 
require oil rings, and our experience 
is that most oil rings are of doubtful 
value. Piston-pins are fitted by the 
grinder, and self-locking piston-pins 
are used in the locked-in-piston type of 
construction. 





Transportation-Committee Activities 


Progress Reports of Subcommittees Presented—M otorcoach 


Code and Trailer Couplings Considered 


OT lptemeer srs of the Transportation 
Committee held a joint meeting 
with the Motorcoach Division and 
Motor-Truck Division at Atlantic City 
on Oct. 2, while the Annual Convention 
of the American Electric Railway As- 
sociation was in progress. Guests rep- 
resenting vehicle manufacturers and 
operators, the Motor-Vehicle Confer- 
ence Committee and the New Jersey 
Public Utility Commission were present 
and took part in the deliberations. 

Chairman F. K. Glynn, of the Tech- 
nical Program Subcommittee, submit- 
ted a progress report on the plans for 
the National Transportation Meeting 
in Toronto, Nov. 12 to 15, and this was 
approved. A. S. McArthur, Chairman 
of the Subcommittee on Operation, re- 
ported work in progress by members of 
this Subcommittee; namely, Suitability 
of Equipment, W. J. Duffy; Proper 
Vehicle Speeds, E. D. Merrill; Stand- 
ardization of Body Builders’ Dimen- 
sions, S. B. Shaw; Ways and Means 
of Operating Scattered Fleets, E. W. 
Templin; and Personnel Training, 
Eugene Power. Preliminary reports 
submitted by Mr. Merrill and Mr. 
Templin are being circulated among the 
Committee members for review. 

J. F. Winchester, Chairman of the 
Subcommittee on Maintenance, reported 
progress on Preventive Maintenance in 
Line with the Elimination of Mechan- 
ical Road Delays, E. C. Wood; Self- 
Maintenance as Compared with Ser- 
vice-Station Maintenance, H. V. Mid- 
dleworth; Uniform Method of Cost 
Comparison, J. F. Winchester; Depre- 
ciation of Motor-Vehicle Equipment, 
Eugene Power; and Crankcase-Oil Re- 
claiming, E. S. Pardoe. A report on 


Chassis Record Forms submitted by 
Mr. Winchester will be circulated 
among Transportation-Committee mem- 
bers for final recommendation. 

F. C. Horner, Chairman of the Sub- 
committee on Man-Power Require- 
ments has arranged to secure tonnage 
data from the fleets of companies men- 
tioned in his 1928 Transportation-Meet- 
ing report. 

In cooperation with the Motorcoach 
Division of the Standards Committee, 
the Transportation Committee is con- 
sidering the proposed Uniform Motor- 
bus Code drafted by a committee ap- 
pointed by the Motor-Truck Committee 
of the National Automobile Chamber 
of Commerce in 1926 and discussed at 
a general conference held at the city of 
Washington in June, 1929. The Motor- 
Vehicle Conference Committee has 
sponsored the publication and promul- 
gation of the Code that is intended as 
a guide to State motor-vehicle regu- 
latory bodies or commissions in estab- 
lishing regulations governing the con- 
struction and operation of public-car- 
rier motor-vehicles. Definite action on 
the Code by the Transportation Com- 
mittee and Motor-Truck Division were 
deferred until later. 


Tractor-Trailer and Pintle Connections 


An interesting discussion of the 
desirability of standardizing tractor- 
trailer fifth-wheel connections and 
trailer pintle-connections transpired at 
the afternoon session. It indicated the 
desire of the tractor and the trailer 
manufacturers to encourage some 
program that will benefit the manufac- 
turers as well as the operators. A Sub- 
division of the Motor-Truck Division 


was approved, on which the tractor and 
trailer manufacturers and operators 
and the Quartermaster Department of 
the Army are to be represented, with 
Charles S. Lyon, of the Motor Haulage 
Co., Brooklyn, N.Y., as chairman. The 
general opinion expressed at the meet- 
ing was that the trailer manufacturers 
can develop a standard fifth-wheel con- 
nection that can be furnished to cus- 
tomers desiring it, while at the same 
time continuing the manufacture and 
sale of their individual types of fifth 
wheel. It was also agreed that the Sub- 
division will develop a standardized 
pintle connection, it being unanimously 
agreed that this will be a comparatively 
simple part of the program. The tractor 
and trailer manufacturers were well 
represented, and it is expected that a 
beneficial standard will eventually be 
evolved. 


Papers in This Issue 


NLY through reduction of the cost 

of distribution can industry en- 
gage profitably in the ever-increasing 
and highly competitive markets, ac- 
cording to Nathaniel Mallouf, whose 
paper, Business Science as Applied to 
Motor-Truck Operation, is printed in 
this issue beginning on p. 502. Taking 
into consideration the huge investment 
and the tremendous yearly aggregate 
cost involved, he says that motor-truck 
operation becomes a major cost of dis- 
tribution and a potent factor control- 
ling the margin of profit. Therefore, 
business science must be applied to mo- 
tor-truck operation so as to coordinate 
all engineering effort for maximum con- 
trol and economy, and chief executives 
can no longer afford to slight their mo- 
tor transportation and ignore its po- 
tentialities by treating it, as they are 
doing, in a diffident manner. 

In the paper by T. C. Smith, printed 
in the July, 1929 issue of the S.A.E. 
JOURNAL, beginning on p. 55, various 
uses that have extended the field of 
profitable operation of the motor-vehi- 
cle beyond that of transportation are 
described. The discussion, printed in 
this issue beginning on p. 509, empha- 
sizes the desirability of developing a 
standardized universally usable towing- 
hook; and the problem of providing ef- 
fective road-clearing equipment for re- 
moving heavy wrecked motor-vehicles is 
considered. 

The discussion of motion pictures ex- 
hibited by H. W. Raymond at the Sum- 
mer Meeting relating to Semi and 
Four-Wheel Trailer Operation begins 
on p. 542 of this issue. 











Production Problems Considered 


(Concluded from page 441) 





even changed many of the old favor- 
ites on the library shelves. Old things 
in literature are no longer true; they 
are obsolescent. He recalled Washing- 
ton Irving’s story, The Mutability of 
Literature, in which the author makes 
an old quarto in the library of West- 
minster Abbey tell its grievances. By 
his imagination and splendid diction, 
Irving made the little book talk. But 
the miracle of the new library of to- 
day is that books can actually be made 
to talk through a mechanism developed 
at the General Electric Laboratories in 
Schenectady in which the principles of 
television, phonofilm, and the radio 
have been applied. A device that 
travels across the printed page actually 
transmutes the silent insensate imprint 
of type into audible sound. So, by 
means of a phonetic alphabet, the blind 
will be able to read a book by ear. 

Mr. Schermerhorn said that as he 
was sitting in the presence of the en- 
gineers he thought they represented 
the present age. This was illustrated 
in the last presidential election, when 
the passion of the people for the clari- 
fying science of the engineer resulted 
in “changing from an economical Presi- 
dent to an economic President, thus 
doing away with Al.” 

Great industrialists of the present 
time realized that the old libraries must 
give way to the new. That is why 
they greeted Mr. Ford in London, re- 
marked the speaker, not only as a great 
industrialist, but as a historical par- 
allel, because they recalled that in his- 
tory “they, too, had a Henry who got 
rid of his Elizabeth.” 

We have a new poetry for old. Re- 
ferring to Gray’s Elegy in a Country 
Churchyard, Mr. Schermerhorn said 
that the plowman does not now “home- 
ward plod his weary way,” but rides 
home on a tractor; the curfew does 
not “toll the knell of parting day;” 
the world is not now left in darkness, 
because the plowman goes home along 
super-lighted highways. 


Housekeeping is at the point today 
where it is “merely the pressing of a 
button, and home is where you stay 
while the car is being fixed.” Under 
the development of this mechanizing, 
modernizing, marvelous age, a young 
woman who escapes birth control is 
born in a hospital, educated in a con- 
vent, courted in an automobile, married 
in a church, established in an apart- 
ment, divorced in court, and buried 
from a mortuary chapel. She never 
does get home.” 


World Has Been Made Small 


Who can get beyond reach of the 
human voice today? Adolph Ochs had 
a radio receiving instrument set up 
in his home so that when communicat- 
ing with Commander Byrd in the Ant- 
arctic it would not be disturbed by 
vibration of the presses in the New 
York Times building. One evening the 
office wanted to get by telephone the 
man from the office who was in charge 
at Mr. Ochs’ home but could not reach 
him. So they wirelessed him by radio 
by way of Little America, about 12,000 
miles away, in three or four minutes. 

Jules Verne’s Around the World in 
80 Days has become a child’s stamp 
album or scrap book, because Dr. 
Eckener did it recently in 20 days. 

We build our buildings so high that 
a man who went into a hotel and was 
given a room on the 40th floor said, 
“If anyone calls me, just tell them I 
am out of the city.” We have build- 
ings that “lift their beautiful facades 
70, 80 or 90 stories, but Jack and the 
Beanstalk is only one story; new fairy 
stories for old!” 

Things have been wrought under the 
contributions of engineers to this vi- 
brant age that were undreamed of in 
the old philosophies, continued Mr. 
Schermerhorn. A French scientist took 
an observer to a window and told him 
to pick out any car in the street that 
he wanted stopped, and by means of 
certain Hertzian waves, which defunc- 


tionalize the magneto, he brought the 
car to a full stop. The driver got out 
and wasn’t as discreet in his language 
as Supreme Court Justice Taft, who, 
‘when he makes a mistake on the golf 
course, always says, ‘Gatun,’ which is 
the biggest dam in the world.” 


Old European Prophecies Fulfilled 


After quoting the prophecies of 
Roger Bacon in the 13th Century and 
of Mother Shipton, and pointing out 
how they have been fulfilled in the 
present century, the speaker said that 
another prophecy that is in the process 
of fulfillment is Victor Hugo’s dream 
of a United States of Europe and later 
a United States of the World. The 
achievements of engineers and the en- 
terprises they serve, in _ invention, 
transportation, communication, and ex- 
pansion, said Mr. Schermerhorn, have 
not been lost upon the Old World, be- 
cause in the last 10 years the European 
nations have been learning to live to- 
gether. The French have a proverb 
that “the absent are always wrong;” 
now they are replacing that with un- 
derstanding, with face-to-face contact. 
Europe is recovering from the devasta- 
tion of the war, and Hugo’s vision of 
a United States of Europe is beginning 
to materialize. Our own tariff is help- 
ing that. If it is “America for Amer- 
icans,” it was inevitable that the Eu- 
ropeans would say, “Europe for the 
Europeans.” We used to say, “Save 
our laboring classes from the cheap 
labor of Europe.” The Europeans now 
say, “Save Europe from the pauperiz- 
ing influence of overproduction in 
America.” 

The great industrial organizations of 
the United States have taken American 
ideas abroad and stirred Continental 
industry to dispatch 


investigators to 
these shores. 


As its salvation, Europe 
is increasingly hospitable to the schemes 
of organization and production that 
have given America its amazing pros- 
perity in the post-bellum period. 


——_— 


News of Section Meetings 


an inspector from the Department of 
Commerce. He also said that it was 
found necessary to develop an oil cooler 
for summer flying in the South A 


(Continued from p. 451) 


radiator has been fitted under the cowl- 
ing of the engine in such a way that it 
has added nothing to the air resist- 
ance. 





Piston-Ring Design Analyzed 


Southern California Section Hears About Oil-Pumping, 
Dilution and Wear Effects 


EAKS past a piston occur in one 

or all of the channels—through the 
gap, past the face and behind the ring 
—according to Theron Bradshaw, of the 
Simplex Piston-Ring Co., of Los An- 
geles, who delivered one of the papers 
on the subject of piston-rings and their 
influence on oil-pumping, crankcase 
dilution and cylinder wear, at the meet- 
ing of the Southern California Section 
held at the Los Angeles City Club, on 
Oct. 4. He said also that the rate of 
leakage is governed by the area of the 
aperture, the pressure, and the de- 
gree of seal provided by lubrication. 
The other paper was compiled for H. 
H. Platt, chief engineer of the Wilken- 
ing Mfg. Co., of Philadelphia, by N. E. 
Druly, of that company, and was read 
by F. C. Patton. 

Before the delivery of the papers, 
Chairman William H. Fairbanks, of 
the Southern California Telephone Co., 
called upon Captain Warner, of the 
Anti-Aircraft Artillery, who outlined 
the recent organization in Southern 
California of four new regiments of 
anti-aircraft troops, one regiment be- 
ing equipped with tractor-drawn 6-in. 
rifles. His purpose was to indicate the 
need for recruits and to tell of the re- 
quirements and of the organization and 
scope of classes of instruction already 
formed. His remarks referred to the 
National Defense Act and the provision 
for the defense of this Country by 
means of three agencies: the regular 
Army, the National Guard and the Re- 
serve Corps, the last consisting mainly 
of officers and to which his statements 
applied particularly. The members 
and guests in attendance at the dinner 
which preceded the technical session 
numbered 124 and additional members 
attended the session. 


Essential Design-Factors Outlined 


Mr. Bradshaw considered a step-cut 
piston-ring and showed that, as com- 
pared with other leaks, the leak 
through the gap is negligible. Blow- 
by will cause direct power-depreciation 


because of gas-volume losses of from 
2 per cent at idling speeds to 0.5 per 
cent at normal driving-speeds with the 
so-called compression-type ring. The 
power loss may be as much as 10 per 
cent at idling speeds and 3 per cent 
at driving speeds in a worn engine or 
one having unsatisfactory piston-rings. 

Piston-ring leakage is never neglig- 
ible, although it can be reduced to a 
value that is small by comparison; its 
greatest menace is the resulting de- 
struction, such as cylinder-wall and 
bearing wear and power losses caused 
by the breaking down of the lubricating 
films in every part of 
the engine. 

Piston-rings of vari- 
ous designs have been 
made in an attempt to 
reduce the percentage of 
compression losses to 
zero. The seating of the 
ring against the cylin- 
der-wall and the landing 
of the ring are the two 
important matters which 
demand attention, con- 
tinued Mr. Bradshaw. If both the ring 
and the cylinder are circular and the 
clearances correct, it is assumed that 
there will be a piston seal because a 
complete circumferential bearing is 
provided. But between the ring and the 
cylinder-wall a film of oil exists which 
prevents actual metal-to-metal contact. 
The thickness of the film depends upon 
the body of the lubricant, the smooth- 
ness of the surfaces and the pressure 
per unit area. The oil is held in place 
only by capillarity and viscosity. The 
sum of these retaining or sealing forces 
in the case of lubricants and the sur- 
face pressures available in actual 
practice is never equal to the displace- 
ment forces of the high pressure in the 
combustion-chamber; consequently some 
of the oil is blown out of the film space 
and some gas follows it. 

Unevenness of expansion sets up 
severe strains in the cylinder-walls and 
distorts them. The ring, to preserve 


2I9 





a seal, must be flexible enough to fol- 
low this distortion; therefore, provision 
must be made to allow the ring to 
open and close, and it must not be tight 
in the groove. In conclusion, Mr. Brad- 
shaw said that piston-rings may be a 
large factor in causing undue wear if 
the ring material is too hard, if the 
rings are under too great tension, if 
they wipe the cylinders too dry, and if 
they allow excessive blow-by. 


Piston-Ring Influence on Oil-Pumping 


It was stated in Mr. Platt’s paper 
that piston-rings are necessary to re- 
duce to the minimum the leakage of 
gas from and the seevage of oil into 
the combustion-chamber. Leakage of 
gas past the piston cannot be eliminated 
by good piston-rings, as can be demon- 
strated easily by removing the crank- 
case cover from a warm engine and 
noting the bubbling and hissing of the 
escaping gas when the engine is turned 
over slowly. He agreed with Mr. 


Bradshaw that leakage through the 
gap is the least important, but gave 


first importance to the leakage past 
the face. 


He stated that if the dis- 
tribution of the bubbles 
of escaping gas around 
a piston equipped with 
plain-jointed rings is ob- 
served, no preponderance 
of them will be noticeable 
in the neighborhood of 
the gap. This develops 
the necessity for deciding 
between the two simple 
types of joint; that is, 
the diagonal and the lap 
joint. 

Four definite advantages for the 
diagonal joint were enumerated in the 
paper and the factors influencing 
piston-ring design were discussed. The 
chief requirements for preventing ex- 
cessive oil-leakage are the same as 
those for securing gas tightness. In 
addition, it is of great importance to 
reduce to the minimum the volume of 
the space in the groove not occupied 
by ring material. Any such space acts 
as a first-class oil-pump and tends to 
fill with oil at the bottom of the stroke, 
where the conditions are those of suc- 
tion and abundance of oil, and to empty 
at the top of the stroke when the oil is 
driven from the space by high-pressure 
gas. It was stated that the common 
practice of blaming every case of oil- 
pumping on the piston-rings is unfair, 
and the other factors which can be and 
often are responsible for oil-pumping 
were listed as follows: 


(1) Too much piston clearance 
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(2) Grooves in the piston inaccurately ma- 
chined 

(3) Piston-pin out-of-square 

(4) Cylinders out-of-round 

(5) Cylinders roughly finished 

(6) Cylinders tapered 

(7) Cylinders out-of-square 

(8) Connecting-rod or crankshaft bearings 

loose 
(9) Too much end-clearance in crankshaft 
bearings 
(10) Too high oil-pressure 
(11) An incorrect grade of oil 
(12) Oil diluted in the crankcase 
(13) Connecting-rod designed to throw too 
much oil on the cylinder-walls 
It was said also that the following 
errors of installation only too often 
nullify the anti-pumping action of the 
best of piston-rings: 
(1) Rings too 
grooves 

(2) Insufficient gap clearance 


loose or too tight in the 


(3) Rings sprung out of shape by rough 
handling 

(4) Rings of wrong size installed in cylin- 
ders 


In the discussion, comment was made 
to the effect that, the more perfect the 
piston-rings have become, the more 


S. A. E. JOURNAL 
trouble is experienced with the valves 
and valve-springs. The experience had 
with regard to trouble that developed 
as a result of using piston-rings that 
fit too well was asked for; that is, 
what effect this has on lubrication. 
Statements were made in reply that, if 
the oil-pumping is eliminated, the 
valves will wear less; that a large 
amount of oil running down the valve 
guide has a tendency to keep the oil 
clean; that, in cases of valve-sticking, 
an increase of the amount of oil going 
through the valve guide provides bet- 
ter circulation of oil and also increases 
the tendency to keep the oil moist on the 
stem; that in shutting off the oil with a 
riston-ring the valve-stem becomes too 
dry; and that an engine which depends 
on a leakage condition to lubricate the 
valve-stems is incorrectly designed, as 
leakage is a condition that engineers 
are trying to remedy or eliminate. 
Other questions and answers related 
to details of piston-ring design, ring 
tension and the pressures exerted by 
piston-rings against the cylinder-wall. 








Airplanes Initiate Chicago Season 


Stout Says Appearance Will Sell Airplanes—Prospect Must 


Visualize Something New 


yAILURE of the arrangements for 

mailing “boosters” had an unfor- 
tunate effect upon the attendance at 
the initial Chicago Section meeting of 


the season, as announcements were 
mailed only to members whose ad- 
dresses had been changed. Consequent- 


ly, only 30 members attended the meet- 
ing, which was held at the Civic Club 
of Chicago, Tuesday evening, Oct. 8. 
The small attendance was particularly 
unfortunate in view of the excellence 
of the program offered. 

Section Chairman D. P. Barnard, 
4th, presided, and presented for con- 
sideration a proposal that he credited 
to Frank Say, Secretary of the Aero- 
nautic Division of the Section. As the 
Society of Automotive Engineers pre- 
sents few awards, the suggestion is 
that the Chicago Section establish an 
annual award of a life membership in 
the Society to some individual who has 
made an outstanding contribution to 
automotive engineering during’ the 


year. The award would be decided by 
a National jury. The Willard Gibbs 
medal of the Chicago Section of the 


Chemical Society was cited as a prece- 
dent. 

The Chairman requested the mem- 
bers to consider also the question of 
a suitable meeting place for the Semi- 
Annual Meeting of the Society, some- 


where near Chicago or in a place re- 


moved from the large yet ac- 
cessible from the automotive manufac- 
turing centers. 

A. J. LaBaie, an airway engineer of 
the United States Department of Com- 
merce, when called upon to address the 
meeting, gave great credit to Secretary 
MacCracken and to F. C. Hingsburg, 
chief engineer of the Airways Divi- 
sion, for building up an organization 
and lighting about 10,000 miles of civil 
airways within three years. He said 
that almost every important city in the 
Country except New Orleans is reached 
by a lighted airway, and that connec- 
tion will be made to New Orleans next 
year. 


cities, 


Good Money for Good Looks 


Bankers have poured $760,000,000 
into aviation recently, according to the 
paper by William B. Stout, which was 
presented by E. E. Cooke, of the Stout 
Engineering Laboratories. Mr. 
sees danger in so much 
money available to a new 
industry. A man who is 
experimenting with $10,- 
000 available will make 
small mistakes; the man 
with $1,000,000 will make 
just as many mistakes 
but they will be bigger. 

Sales appeal through 
appearance is demanded 
by Mr. Stout, who be- 


Stout 





lieves that the next big change in the 
airplane industry will create a large 


demand for small, privately owned 
planes costing about $1,500. These 


airplanes must not look “like an acci- 
dent going somewhere to happen.” Talk 
does not give the brain an image; dy- 
namic symmetry will produce good looks. 

Other requirements of the popular 
airplane, according to Mr. Stout, are 
that it shall fly in clear air, come out of 
a dive, and come out of a spin, all with 
hands off; it must cruise at more than 
100 m.p.h. on three-fifths of its total 
power; it must afford clear 
all directions; and it must land in a 
stall without damage. Powerplants 
will be enclosed, eventually, and air- 
cooled as a matter of course. 

Mr. Stout predicts for the concern 
that produces the first airplane of real 
popular appeal a success greater than 
has been attained by any 
manufacturer. 


vision in 


motor-car 


Air-Cooling Questioned 

Chairman Barnard and Robert E. 
Wilson, of the Standard Oil Co., ques- 
tioned Mr. Stout’s assumption that di- 
rect air-cooling is ultimate for airplane 
engines. They mentioned the difficulty 
of conducting heat away from some 
spots in the cylinder, and the head re- 
sistance offered by the familiar radial 
engine. Prestone cooling appeals te 
them. 

Mr. Cooke quoted Mr. Stout as say- 
ing that it is no more reasonable to 
have water-cooling in an airplane than 
to have air-cooling in a motorboat en- 
gine. However, he would like to see 
engines concealed in the wings, and is 
willing to admit that we cannot tell 
what the future will hold. There may 
sometime be airplanes without engines, 
propelled by gases issuing the 
trailing edge of the wings! 

Objection to the noise of an airplane 
was voiced by R. E. Wilkin, of the 
Standard Oil Co. of Indiana, who asked 
if some improvement could be looked 
for in that respect. Mr. Cooke an- 
swered that insulation against noise is 
difficult, and all-metal planes are at a 
disadvantage in that respect. .There 
is a difference in the noise from differ- 
ent engines, and a new location of the 
engines may reduce the amount of 
noise that reaches the passenger from 
the engines and propellers. 

The meeting closed with a paper on 
Problems of Aircraft Production, writ- 


from 


ten by John C. Nulson, 
vice-president and gen- 
eral manager of the 


Ryan Aircraft Corp., of 
St. Louis. In the absence 
of Mr. Nulson, the paper 


was read by Secretary 
Say, of the Aeronautic 
Division of the Section. 


After an introduction 
in which problems of sta- 
bility, speed and stream- 
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lining were touched upon, the arrange- 
ment and general assembly plan of an 
aircraft factory was described. The 
factory should be located near a rail- 
road and have stockrooms into which 
the incoming tubing and other mate- 
rials can be unloaded conveniently. In 
the Ryan plant, fuselages and tail sur- 
faces are passed down a line at one 
side and wings travel down on the 
other side. The necessary jigs and ma- 
chinery are arranged in the two lines 
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according to the sequence of opera- 
tions, and the various parts are assem- 
bled in a final-assembly line. One of 
the distinctive features is that all the 
necessary bolts, fittings and cotter- 
pins are issued automatically with the 
parts, thus saving time and avoiding 
errors. 

The next meeting of the Section will 
be on Tuesday, Nov. 5, and the subject 
will be Diesel Engines and the Utili- 
zation of Heavy Fuels. 











Down-Draft Carburetion Advocated 


Many Phases of Carburetion and Manifolding Surveyed by 
Members of Indiana Section 


DOWN-DRAFT carbureter for ma- 
4 rine engines was described and ad- 
vocated by E. H. Shepard, chief engi- 
neer of the Holley Carbureter Co., of 
Detroit, in a paper he presented at the 
get-together dinner and technical ses- 
sion of the Indiana Section held in the 
roof garden of the Hotel Severin, In- 
dianapolis, on Thursday evening, Oct. 
10. He stated that a carbureter of this 
type has been standard equipment on 
the Scripps marine engine for the last 
year, and that its improved perform- 
ance indicates that many more marine 
engines will be equipped with it. 

Seventy-five members and guests at- 
tended the dinner, and an audience of 
180 greeted the speaker at the technical 
session. Chairman Bert Dingley, of the 
Stutz Motor Car Co. of America, pre- 
sided and introduced the chairman of 
the Section’s Program, Membership and 
Entertainment committees for 1929- 
1930. He outlined the future plans of 
the Section for the coming season and 
then introduced Mr. Shepard, who ex- 
hibited numerous lantern slides illus- 
trating down-draft-carbureter equip- 
ment on marine engines in the course 
of his delivery of his paper. 

Among those prominent in automo- 
tive and marine-engineering activities 
who participated in the general discus- 
sion of the subject were J. B. Macauley, 
Jr., of the experimental department of 
the Chrysler Corp., Detroit; M. E. 
Chandler, of the Stromberg Motor De- 
vices Co., Chicago; H. W. Linkert, of 
the Wheeler-Schebler Carburetor Co., 
Indianapolis; F. G. Whittington, of the 
Stewart-Warner Speedometer Co., Chi- 
cago; H. R. Timian, research engineer 
of the carbureter division of the Har- 
rison Radiator Corp., Lockport, N. Y.; 
B. W. Westcott, of the Zenith-Detroit 
Corp., Detroit; Prof. H. M. Jacklin, of 
Purdue University, Lafayette, Ind.; 
Fred S. Duesenberg, R. S. Begg, George 
H. Freers and others. 

Mr. Shepard said in part that the 
limited space available in which to in- 


stall a carbureter of sufficient capacity 
to deliver maximum power in the V be- 
tween the banks of cylinders in aircraft 
engines led to the development of in- 
verted carbureters that could be in- 
stalled on top of the inlet manifold 
above the V. In this type the throttle is 
at the bottom of the carbureter mixing 
chamber, the usual idling jet is at the 
edge of the throttle plate and the main 
gasoline-supply issues from a series of 
holes in the down-stream side of the 
venturi throat to assure maximum suc- 
tion at the orifices. The gasoline level 
is controlled by the float mechanism and 
lies about 3/16 in. below 
the jet openings in the 
throat of the venturi sc 
that when the engine 
stops the gasoline does 
not run out of the jet 
openings. The idling 
passage is carried up 
above the float level be- 
fore going to the throttle 
plate; at the float level 
is a small air vent to 
stop any siphoning ef- 
fect in this passage. In performance 
this carbureter followed very closely 
the characteristics of up-draft carbur- 
eters having similar fundamental fea- 
tures and, except for greater accessi- 
bility, was little better than the gener- 
ally used up-draft carbureters. 

Following this development, Mr. 
Shepard’s company developed an in- 
verted carbureter in which the fuel is 
lifted by air-flow from the float cham- 
ber, which is located considerably be- 
low the mixing chamber so as to permit 
flow by gravity feed from the supply 
tank. This fuel is heated on its way to 
the mixing chamber by the exhaust 
gases that pass over a thin plate. At 
the mixing chamber—in which is lo- 
cated a throttle, a venturi, an air valve 
and a choke—this heated fuel and the 
required amount of air are mixed; from 
this point, the mixture flows downward 
into the manifold and into the engine 
cylinders. 





Research Resulted in Improvement 


The down-draft carbureter referred 
to in the opening paragraph hereof has 
resulted from research in designing a 
carbureter for the Scripps engine that 
would enable it to produce an in- 
creased power-output without sacrific- 
ing flexibility. Mr. Shepard described 
how, in this carbureter, the funda- 
mentally correct flow of the jet, the 
outlet of which is below the fuel level, 
has been utilized to provide a flexible 
wide-range carbureter that starts eas- 
ily, accelerates positively and is easily 
adapted to an engine because there are 
very few variables that demand bal- 
ancing. He stated that nearly 90 per 
cent of motorboat fires are caused by 
backfire in the carbureter, which usu- 
ally has been located just above the 
bilge and low enough so that, if gaso- 
line vapors are present, a fire usually 
follows backfiring of the engine; but, 
the carbureter described, located high 
above the bilge, is more accessible and 
unquestionably reduces the fire risk. In 
his opinion, all marine-engine carbur- 
eters should be equipped with flame ar- 
resters. 


Satisfactory Manifolding an. Essential 


In the debate following the presenta- 
tion of the paper many arguments were 
advanced for both down-draft and up- 
draft carburetion. It seemed to be gen- 
erally admitted by the proponents of 
each method that correct 
manifolding and _  ade- 
quate control of tem- 
peratures are the most 
important factors’ in 
satisfactory carburetion. 
The manifold problem 
has long been the chief 
bugaboo of carbureter 
engineering and, _ al- 
though some difficulties 
have been overcome by 
the use of heat, the new- 
type devices operating at lower tem- 
peratures also have given trouble. The 
impression was conveyed that, when 
perfect manifolding means are dis- 
covered, a great obstacle that has hin- 
dered carburetion improvement will 
have been removed. 


Fuel for 50.000 Years 


7 E HAVE no reason to fear short- 
age of fuel for internal combus- 

tion engines of either the Otto-cycle or 
the Diesel type for 50,000 years to 
come, according to Thomas A. Boyd, 
fuel technologist of the General Motors 
Corp., who was the guest speaker of 
the evening at the Oct. 16 dinner-meet- 
ing of the Canadian Section in the 
Royal York Hotel in Toronto. This 
was the largest meeting yet held by 
this Section, 79 members and guests be- 
ing in attendance. Chairman R. H. 
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Combs, of the Section, presided, and 
announced that the Canadian National 
Automobile Show is to be held in To- 
ronto during the week of Jan. 11 to 18. 
He then introduced as the guest of hon- 
or S. G. K. Smallbone, secretary and 
director of Morris Motors, Ltd., who is 
making a survey in Canada with a 
view to determining whether to rec- 
ommend the establishment there of a 
Morris assembly plant. 

Vice-Chairman A. S. McArthur dealt 
at some length with the plans for the 
coming Transportation Meeting of the 
Society in Toronto. 

The Section’s November meeting is 
to be in conjunction with the Transpor- 
tation meeting and the Section is to be 
host at the Transportation Dinner on 
Nov. 14, with Mr. Combs as toastmas- 
ter. During the dinner at the Oct. 16 
meeting an excellent musical program 
was rendered by Bodley’s Band. 


Sources and Power of Gasoline 
Mr. Boyd, in his address of the eve- 


ning, which dealt with internal-com- 
bustion-engine fuels, dispelled any 
cause for worrying about possible 


shortage of such fuels by citing the 
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known quantity of petroleum, crude 
petroleum, petroleum sands and shale 
deposits and described three ways of 
converting coal into liquid fuel. These 
are pyrolisis, or coking at high and 
low temperatures; hydrogenation and 
gasification. The speaker dealt at some 
length with the Burgess hydrogenation 
process. Speaking of the relative 
amount of power contained in gasoline, 
Mr. Boyd stated that this hydrocarbon 
contains 19,000 B.t.u.; T N T has 
6500; nitroglycerin, 3200; dynamite, 
2500; and black powder, 1250 B.t. u. 

The motor-vehicle fuel of the future, 
he said, must have a high antiknock 
rating in addition to its other desirable 
qualities. 

“The flash of the green light has al- 
ready started more races than the pis- 
tol ever had, and the flash of the yel- 
low light has started more cheating 
than the annals of sport of all types 
and times reveal,” said Mr. Boyd. 

Following the conclusion of the ad- 
dress, the speaker was kept busy for 
more than half an hour answering 
questions put to him by the interested 
members, who very heartily applauded 
his address. 








Aeronautic Meeting Staged 


Northwest Section Discusses Climate, All-Metal Construction 


and Wind-Tunnels 


HREE principal speakers were 

greeted by the audience of 60 or 
more members and guests at the tech- 
nical session of the Aeronautic Meet- 
ing of the Northwest Section held Oct. 
12 at the Gowman Hotel, Seattle, 
Wash. Melvin B. Summers, meteorol- 
ogist in charge of the Seattle station 
of the United States Weather Bureau, 
gave a most interesting analysis of 
the climate of the Puget Sound region. 
Walter R. Jones, president of the 
Willis-Jones Machinery Co., of Seat- 
tle, formerly a designer for the Boeing 
Airplane Co., described the methods 
employed in constructing metal air- 
planes in England, which he observed 
during his recent trip abroad. Prof. 
F. K. Kirsten, of the aeronautic de- 
partment of the University of Wash- 
ington, gave an address illustrated by 
blackboard sketches of various types 
of wind-tunnel, explaining the funda- 
mentals of their design and use in 
testing airplane models to secure data 
which can be applied to full-scale craft. 
The technical session was preceded by 
an enjoyable dinner. Robert S. Taylor 
was Chairman and _ introduced the 
speakers. 

The next meeting of the Section is 
scheduled for Nov. 2 at Portland, Ore., 
when Harry W. Earl, president and 
chief engineer of the Earl Aircraft 


Corp., Portland, is expected to present 
a paper describing a new aircraft en- 
gine which he has been developing. 


Fundamentals of Weather Prediction 


Mr. Summers discussed some of the 
underlying conditions that govern the 
weather in general. Latitude, of 
course, is a major factor influencing 
climate; but he said that the climate 
of any particular local- 
ity is dependent in large 
measure upon whether 
the locality lies on the 
western side, in the in- 
terior, or on the eastern 
side of a continent. In 
the middle and more 
northern latitudes, the 
western sides of the 
continents have mild 
winters and cool sum- 
mers, owing to the influ- 
ence of the prevailing southwesterly 
winds which blow from the ocean, 
while the interior and eastern sections 
have relatively cold winters and warm 
summers. Proximity of the Pacific 
Ocean and the consequent influence of 
the wind from that ocean are mainly 
responsible for the moderate tempera- 
tures that characterize the Puget 
Sound region. 

The basic principle underlying con- 





densation and precipitation is that the 
capacity of the air for holding water 
vapor changes greatly with changes in 
temperature. The speaker stated ag 
a convenient rule that, approximately, 
the capacity of air for holding water 
vapor doubles with each increase of 
20 deg. in temperature. Air at zero 
fahrenheit can hold when saturated 
only 0.48 grain of moisture per cubic 
foot, but, if the temperature of that 
cubic foot of air is raised to 100 deg. 
fahr., its capacity for holding water 
vapor is increased 40 times; that is, 
from say 0.5 to 20 grains. These facts 
vitally influence the production of 
precipitation. Any natural process that 
brings about a reduction in air tem- 
perature will, if carried far enough, 
produce condensation in the form of 
cloud or fog, and if continued will pro- 
duce condensation in the form of pre- 
cipitation. 

Mr. Summers applied these and 
other principles to explaining the cli- 
matic conditions that exist in the Puget 
Sound region, including the effects of 
the mountain ranges and other topo- 
graphical features, winds, low-pressure 
areas, storms and the like. He also 
described the methods whereby the 
data for weather forecasting are ob- 
tained simultaneously in different parts 
of the country and how the observed 
data are telegraphed to forecast cen- 
ters, there to be charted and forecasts 
made for the ensuing 36 hr. 


English All-Metal Airplanes 


Mr. Jones said in part that a re- 
markably small amount of commercial 


aviation exists in the British Isles. 
Distances between important centers 
are not great and the standardized 


means of transportation are so efficient 
that airplane transportation there is 
less advantageous than in the United 
States; but military aviation has 
reached a high state of efficiency and 
he was impressed by the diversified 


types of military air- 
craft. 
The use of steels of 


high tensile-strength for 
airplane construction in 
England has reached a 
high stage of develop- 
ment, according to Mr. 
Jones. The steel is man- 
ufactured in forms suit- 
able for aircraft-indus- 
try use, and ingeniously 
designed automatic ma- 
chines are employed to a large extent 
in its fabrication. Alloyed steel of 
extremely high tensile-strength is pro- 
duced which is fabricated by these spe- 
cial machines into very thin sheets that 
afterward are rolled and bent to form 
wing beams, struts, ribs and numerous 
other parts. Rib construction is close- 
ly in line with American practice ex- 
cept that many builders are using steel 
of high tensile-strength. Flat-sheet 
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The William C. Naylor Memorial Award 


W ILLIAM C. NAYLOR, while Chair- 

man of the Aeronautic Division of 
the Detroit Section, S.A.E., initiated a 
movement to establish an award for the 
best paper presented by a senior college 
student or first-year graduate on an 
aeronautic topic which would be funda- 
mentally new and scientific in nature; 
the paper not necessarily being present- 
ed at a Society meeting, but in any 
event submitted with others to a Com- 
mittee of judges. 

Mr. Naylor’s thought was that this 
procedure would bring to light new data 
and knowledge which young engineers 
without industrial affiliations would be 
at liberty to divulge. Indirectly, the 
winning of the award would provide an 
opportunity for hidden or unknown tal- 
ent to be brought to the attention of 
those seeking services of such men for 
their organizations. The award was to 
be in the nature of a certificate and a 
Junior membership in the Society. Most 
lamentably, a few days after presenting 
this idea, Mr. Naylor was fatally in- 





fittings that are exposed to the ele- 
ments are recently being made from 
stainless steel to eliminate corrosion ef- 
fects. A general practice is the use 
of tubes in the construction of fusel- 
ages, made either of steel or aluminum 
alloy and held together by machined 
fittings which are bolted or riveted on. 
Automatic machines for riveting have 
been highly developed and the speaker 
gave brief descriptions of them. 

Professor Kirsten outlined the fun- 
damentals from which it was ascer- 
tained that experiments for the obtain- 
ing of aeronautical data can be con- 
ducted with models in wind-tunnels and 
the reactions translated into full-scale 
reactions, thereby reducing the cost of 
experimentation. With regard to air- 
planes, the velocity is not that with re- 
spect to the earth but is the velocity 
with respect to the atmosphere in 
which the plane moves. It makes no 
difference whether the atmosphere is 
conceived as being stationary and the 
wing surfaces as being in motion, or 
the wing surfaces be considered as sta- 
tionary and the atmosphere conceived 
as being in motion. This led to the 
conception of the wind-tunnel, a tubu- 
lar chamber into which air is blown 
designed so that the airstream is free 
from eddies in the portion in which the 
tests are conducted. A small model is 
placed in the test section and connected 
with delicate balances so that its reac- 
tions under air currents of different 
velocities can be studied. 

Professor Kirsten gave descriptions 
of the various types of wind-tunnel al- 
ready devised and in use. He stated 
that a satisfactory wind-tunnel must 


jured in an airplane accident, without 
having had the opportunity of putting 
his plan into effect. 

The Aeronautic Division of the De- 
troit Section, fully in agreement with 
Mr. Naylor’s ideas, has since last 
Spring put the plan into concrete form 
and proposed to name the award, the 
William C. Naylor Memorial Award. 

Competition for the Award is to be 
National in scope, and papers entered 
for it this year must be sent to the 
office of the Detroit Section, S.A.E.,. 
General Motors Building, Detroit, in 
time to be in the hands of the Com- 
mittee of Award not later than Jan. 
15, next. 


Rules of the Award 
Rules to govern this Award, as sub- 


mitted to the Council of the Society 
for approval, are as follows: 


The William C. Naylor Memorial Award 


shall be a yearly award to the author of the 
best paper relating to analytical investigation 


fulfill the following conditions: the ve- 
locity in the tunnel must be uniform 
throughout the cross-section in which 
the model is installed; there must be 
no pulsating velocity, or turbulence, or 
eddies in the airstream; and the 
streamlines of the airstream must all 
be parallel. 


Pittsburgh Section Inauguration 


S a culmination of the efforts of the 

Pittsburgh Section Organization 
Committee, more than 200 members 
and guests assembled at the first meet- 
ing of the new Pittsburgh Section in 
the Blue Room of the William Penn 
Hotel on Oct. 24. Owing to the diffi- 
culty attendant upon seating the late 
comers, the dinner which was scheduled 
for 6:30 was slightly delayed, but in no 
way did this dampen the enthusiasm of 
the occasion. 

Edward P. Warner, nominee for Pres- 
ident of the Society for 1930, who was 
to have been the principal speaker and 
was to have been brought over by air- 
plane from the city of Washington by 
H. V. Thaden, was prevented from at- 
tending owing to the unfavorable 
weather conditions making flight over 
the Allegheny Mountains impossible. 
His place was taken by J. A. C. War- 
ner, of the Studebaker Corp., who gave 
a very inspiring talk on the place of the 
local Section in the Society organiza- 
tion and the value of such Sections to 
individuals. 

The meeting was presided over by 
Nils G. Bjorck, Chairman pro tempore 
of the Pittsburgh Section, who in turn 


in aerodynamics, aircraft design or con- 
struction, or experimental research in fun- 
damental problems of the airplane. 

The subject may be original with the 
author or a continuation of some research 
work, bringing to light new aspects of the 
original investigation, and may be a re- 
vision of the author’s senior thesis presented 
for his undergraduate degree in aeronau- 
tical engineering. 

The author, to be eligible, must be a 
graduate of some recognized college offering 
undergraduate work in aeronautical engi- 
neering. 

The paper must be in the hands of an ap- 
pointed committee not later than one year 
after graduation and not later than Jan. 15 
of the year of the award. 

The merits of the paper shall be judged 
by a committee of three, consisting of the 
Vice-Chairman of the Detroit Section in 
charge of aeronautics, and two members-at- 
large appointed by the Chairman of the 
Detroit Section. 

The award consists of a certificate and a 
Junior membership in the Society (initiation 
fee and one year’s dues), which shall be pre- 
sented at the closing Aeronautic Division 
meeting of the Detroit Section each session. 





introduced as toastmaster of the eve- 
ning Prof. C. L. W. Trinks. 

The feature of the evening was a 
very interesting talk on High Spots of 
the Women’s Air Derby, by Mrs. Louis 
McPhetridge Thaden, winner of the 
Women’s Air Classic from Santa Monica 
to Cleveland during the last National 
Air Races. 

The temporary officers of the Section, 
pending the official election to be held 
in conjunction with the November meet- 
ing, are Nils G. Bjorck, Chairman; B. H. 
Eaton, Secretary; C. R. Noll, Treas- 
urer; Murray Fahnestock, Chairman 
of the Membership Committee; James 
W. Trimmer, Chairman of the Recep- 
tion Committee, and John M. Orr, 
Chairman of the Program Committee. 
Much credit is due to the three chair- 
men for the success of the opening 
meeting. It is anticipated that, with 
such support as was indicated at this 
first meeting, the Pittsburgh Section 
should be able to take its place among 
the foremost Sections of the Society. 





St. Louis Section Meeting 


ESPITE a very rainy, disagreeable 
night, 75 persons attended the sec- 
ond meeting of the St. Louis Section at 
the Engineers Club of St. Louis on 
Oct. 22. The meeting was opened by 
W. L. Dempsey with a short business 
session at which the members voted to 
adopt the standard Constitution for 
Sections and to adopt as an official 
name the St. Louis Section of the 
S.A.E. 
Richard S. Hardin, of the Guardian 
(Concluded on p. 565) 
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Henry L. Barton 


oo RECENT death of Henry L. 
Barton, of Detroit, has been an- 
nounced. Mr. Barton was a long-time 
member of the Society, having been 
elected to Member grade in August, 
1910, at which time he was vice-presi- 
dent and general manager of the 
Metal Products Co., of Detroit. Born 
at Lockhaven, Pa., in 1868, he was for a 
period in charge of locomotive erection 
at the Pennsylvania Railroad shops in 
Altoona, Pa., and subsequently went 
with the Westinghouse Engine Co. in 
Pittsburgh as superintendent. From 
this position he rese to the post of gen- 
eral superintendent and works manager. 
Mr. Barton became associated with Gen- 
eral Motors Corp. in 1914 and was a 
production executive of the corporation 
for 15 years prior to retiring from 
work two years ago. He had been ill 
for two months before passing away on 
Aug. 24 at the Ford Hospital. He was 
a member of the Detroit Section of the 
Society. 
member of the Seamless Steel Tube Di- 
vision of the Standards Committee and 
during the succeeding two years was a 
member ‘of the Passenger Car Wheels 
Division of the Standards Committee. 
Mr. Barton was a member also of the 
Detroit Club, Detroit Athletic Club, De- 
troit Country Club, and the Engineers 
Club of New York. 


Henry A. Tuttle 


eta a short illness, Henry 
A. Tuttle, of Upton, Mass., passed 
away of heart trouble on Aug. 28 at 
his home. He had been a Member of 
the Society since 1916, and in 1917 was 
a member of the Marine Division of 
the Standards Committee. 

Born in 1863 at Galesburg, IIl., Mr. 
Tuttle was educated in the public 
schools of Springfield, Mass., and in 
1893 founded in Stamford, Conn., the 
H. A. Tuttle Mfg. Co., which carried 
on a general machine business. He 
soon became interested in automobiles, 
which the pioneers in those days were 
beginning to build, and in and around 
1900 he built some of the first cars in 
this Country. Later he designed and 
nanufactured a marine engine and 
took out several patents on automobiles, 
special machinery and a dozen patents 
on marine reversing gears. He de- 
veloped the Tuttle nut-tapping ma- 
chine which has been manufactured 
without any changes in design up to 
the present time. 

In 1906 Mr. Tuttle joined the Evans 
Stamping & Plating Co., of Taunton, 
Mass., for which he was chief engineer 
at the time of his joining the Society, 
and was consulting engineer for that 
company at the time of his death. He 
continued his active connection with 
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From 1911 to 1913 he was a. 
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the Evans company until 1917, follow- 
ing which he developed an improved 
reversing gear which is now being 
manufactured by the Paragon Gear 
Works, of Taunton. Besides being a 
member of the Society of Automotive 
Engineers, Mr. Tuttle was a member 
of the American Society of Mechanical 
Engineers. 


John Wenner Applin 


T HE recent death from heart disease 
of John W. Applin, of Asbury Park, 
Detroit, brought to an end the efforts 


-of a man who, for the last two decades, 


has been unobtrusively but efficiently 
working in the automotive field, and 
who, it might be said, grew up with 
the industry. 

Mr. Applin was born in East Tawas, 
Mich., in June, 1889. He received a 
technical education and was graduated 
from the Michigan Agricultural Col- 
lege in June, 1911, with the degree of 
Bachelor of Science. His first connec- 
tion with the automotive industry was 
with the Olds Motor Works, at 
Lansing, Mich., where he was employed 
as draftsman. In 1912 he joined the 
Maxwell Motor Car Co., of Detroit, in 
the same capacity, and in 1913 entered 
the employment of the Cadillac Motor 
Car Co. as draftsman checker and fore- 
man of car parts. He was later made 
designer under D. McCall White and 
was advanced from time to time, until 
in 1918 he was made chassis engineer 
at the Cadillac works. 

In 1920 Mr. Applin left the Cadillac 
company to join the Lafayette Motor 
Car Co., of Indianapolis, in the capacity 
of chief engineer. In 1926 he joined 
the engineering staff of the Hupp 
Motor Car Corp., in Detroit, and re- 
mained with that company until his 
death, at the age of 40 years. 

Mr. Applin became a member of the 
Society in November, 1915, and was 
also a member of the Detroit Section. 
Besides his parents, brothers and sis- 
ters, Mr. Applin is survived by his 
wife and two small children. 


Charles ZL. Greenbaum 


HE death of Charles L. Greenbaum 

on Sept. 10 is announced with sor- 

row by Metropolitan Distributors, Inc., 

of New York City, of which Mr. Green- 
baum was president. 

Born in New York City in 1884, Mr. 
Greenbaum, after being graduated 
from the grammar and high schools, 
became identified in 1912 with Metro- 
politan Distributors, Inc., engaged in 
the renting of commercial motor-ve- 
hicles and the servicing of motor-cars. 
He was admitted to Associate Mem- 
bership in the Society in January, 
1927, and was a member of the Metro- 
politan Section. 





Walter C. White 


S A RESULT of injuries sustained 
in a collision of his automobile 
with another car while driving from 
his home to his office on Sept. 28, Wal- 
ter C. White, president of the White 
Motor Co., of Cleveland, passed away 
in the Lakeside Hospital in that city, 
on the afternoon of the following day. 
Mr. White was one of the most 
widely known men in the motor-vehicle 
field, not only in this Country but by 
name in almost every capital of the 
world, as he had been one of the leaders 
in the automobile and motor-truck in- 
dustry for the last 20 years. Several 
years ago he succeeded his brother, 
Windsor T. White, as president of the 
White company. He was one of the 
younger pioneers in the automobile in- 
dustry having grown up in the height 
of the bicycle days when the White 
Sewing Machine Co., founded by his 
father, began the manufacture of 
White bicycles. 

In the opening years of the present 
century, when the White Co. was very 
prominent in the manufacture of steam 
automobiles, Walter White was one of 
the first men to drive one of these 
cars and later had charge of the sales 
of the White steamers in England for 
four years. He competed in numerous 
reliability tours and in various road 
events in the days of the earliest auto- 
mobiles. 

Mr. White was born in 1876 in Cleve- 
land and was graduated from Cornell 
University in 1897. He received the 
degree of Bachelor of Law from the 
New York Law School the following 
year, and since then has always been 
associated with his father and his 
brothers, Windsor T. and Rolland H. 
White, in the manufacture of sewing 
machines, bicycles and motor-vehicles. 

During the World War he was sent 
to France by the United States Gov- 
ernment to assist in organizing the 
repair and maintenance of motor trans- 
port vehicles for the Allies. He was 
decorated with the order of Chevalier 
of the Legion of Honor of France. 

In March, 1912, Mr. White was 
elected a member of the Society of 
Automotive Engineers, at which time 
he was second vice-president of the 
White Co. He was a member also of 
the Cleveland Section for many years. 
Besides being president of the White 
Motor Co. at the time of his death, he 
was president of the White Motor Se- 
curities Corp. and the White Motor 
Realty Co., and was a director in sev- 
eral other Cleveland companies. 

Mr. White was socially prominent in 
Cleveland, where he was a member of 
a number of clubs, and was also a 
member of the University, Cornell 
University and Metropolitan Clubs in 
New York City. 
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John Thomas Turney 
Randles 


fTy.HE SUDDEN death of John Thomas 

T. Randles, works director of the 
Fort Dunlop and Leicester factories of 
the Dunlop Rubber Co., Ltd., of Bir- 
mingham, England, from the effects of 
an insect bite, has removed a promi- 
nent figure from England’s automotive 
industry. Besides being works director 
of the above-mentioned factories, Mr. 
Randles was a member of the local 
board of directors controlling the de- 
sign of Dunlop tires, their manufacture 
and development. 

Mr. Randles had an active career 
and, although a comparatively young 
man at the time of his death, was an 
internationally known figure in the 
automotive industry. He was born in 
Swansea, South Wales, in October, 
1885, received his early education in 
the Swansea grammar school, and was 
a graduate of the electrical engineering 
course in the Swansea Technical Col- 
lege. He began his professional career 
in Siemens Brothers Dynamo Works, 
Ltd., in Stafford, England, and until 
1915 was engaged there in various ca- 
pacities, his last post there having been 
that of assistant manager and chief en- 
gineer of the Manchester district. From 
October, 1915, to February, 1919, he 
was works manager of the Lee Arrow 
Mfg. Co. and the Galway National 
Shell Factory, which manufactured 4.5- 
in. shells during the World War. 

In April, 1919, he accepted the posi- 
tion of engineer with the Dunlop Rub- 
ber Co. His work at that time was de- 
signing and installing power lighting 
and heating systems at the company’s 
plants in Ruchdale, Lancaster. His 
advancement was rapid, and in April, 
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1921, he became personal assistant to 
the general works manager, assisting 
in administrative work connected with 
all branches of the company’s business. 
In this connection he was made director 
of five companies and had charge of 
the coordination and allocation of pro- 
duction among the various factories. 
In 1926 he was made works director 
of the Fort Dunlop and Leicester fac- 
tories and a member of the local board 
of directors controlling the design of 
Dunlop tires and their manufacture 
and development and the research con- 
nected therewith. 

Mr. Randles was elected a Foreign 
Member in the Society in October, 1928. 
He also was a Fellow of the Institute 
of Rubber Industry, a member of the 
Textile Institute, and an _ associate 
member of the Institute of Electrical 
Engineers, in England. 


Harry A. Higgins 


A CAREER of long and valued service 

4 was suddenly brought to a close 
with the death of Harry A. Higgins, 
chief engineer of the Long Mfg. Co., of 
Detroit, on Sept. 21. 

Mr. Higgins’ association with the 
Long company dates back to 1913, 
when he accepted the post of chief 
engineer, which he held until the time 
of his death. Born in Portland, Maine, 
in April, 1875, his early life was spent 
in New England. He was graduated 
from the University of Maine in 1898, 
with a degree in mechanical engineer- 
ing. From that time until 1913 his 
occupation was general steam and me- 
chanical engineering and factory man- 
agement. 

Mr. Higgins had been a Member of 


the Society for nine years, having been 
elected in 1920. He was also a member 
of the Detroit Section at the time of his 
death. He became an active member 
of the Subcommittee of the Division 
on Radiators of the Standards Com- 
mittee when this Committee was ap- 
pointed in 1926. 


Gerald Francis Dell 


ERALD FRANCIS DELL, inspec- 
tor of motor service for the Penn- 
sylvania Railroad Co. in Philadelphia, 
passed away on Sept. 15. Mr. Dell 
had been elected to Associate member- 
ship in the Society in March, 1927. 
Born in South Bend, Ind., in 1895, he 
attended the high school in Muskegon, 
Mich., and during 1913 and part of 
1914 was chauffeur mechanic of the 
V. L. Wasserman Co. of that place. 
The following year he worked in the 
same capacity for the Traverse City 
Milling Co., of Traverse City, Mich., 
and during 1915 and 1916 was agent 
for the Grand Rapids & Indiana Rail- 
road Co. 

During the war Mr. Dell was first- 
class sergeant in the Signal Corps of 
the United States Army in 1917. The 
following year he was a second lieuten- 
ant in the Tank Corps. He went with 
the Pennsylvania Railroad Co. in 1919, 
and for five years was agent and in- 
spector of the New York Division, with 
special duty in and around the New 
York City terminal. From 1925 to the 
time of his death, he was assistant to 
the supervisor of motor service for the 
railroad, assigned to the study and pro- 
motion of rail and highway transporta- 
tion and the application of automotive 
units to the requirements of the rail- 
road. 














Personal Notes of the Members 


Keilholtz Made Technical Assistant 


L. S. Keilholtz has been made tech- 
nical assistant to the president of the 
Frigidaire Corp., of Dayton, Ohio. 
Previous to this appointment he held 
the post of chief engineer. His career 
as an engineer has been marked by 
steady progress in his chosen field. He 
was graduated from Ohio State Uni- 
versity in 1907 with the degree of me- 
chanical engineer and gained his funda- 
mental engineering experience as gas- 
engine tester for Fairbanks, Morse 
& Co., at Beloit, Wis. He next en- 
gaged in the assembly, repair and test- 
ing of cars for Thomas B. Jeffrey & 
Co., at Kenosha, Wis., now the Nash 
Motors Co. He worked for this com- 
pany for 1% years and then left to 
enter the service of the National Cash 
Register Co., of Dayton, as draftsman. 
In 1911 he accepted a position as chief 
draftsman of the Dayton Engineering 
Laboratories Co., and was promoted in 
1916 to the duties of chief engineer for 
the Delco-Light Co., also of Dayton. 
He subsequently acted eight years ago 
as chief engineer for the Frigidaire 
Corp. as well as the Delco-Light Co. 

Mr. Keilholtz has participated active- 
ly in Society work ever since becoming 
a Member in 1917. He was elected to 
the Second Vice-Presidency represent- 
ing stationary internal-combustion en- 
gineering in 1919, and has cooperated 
to a great extent in the work of the 
Standards Committee. In 1918 he 
served on the Stationary and Farm 
Division; in 1919 was Chairman of the 
Stationary Engine and Lighting-Plant 
Division; served eight consecutive 
terms on the Isolated-Electric-Lighting- 
Plant Division, and held the chairman- 
ship of this Division for two terms. He 
has also been elected to membership on 
the Nomenclature Division and the En- 
gine Division. He has shown an equal 
interest in Section work, having joined 
the Dayton Section in 1922 and being 
elected Chairman of the Section in 1926. 

Mr. Keilholtz is also an active mem- 
ber of the Engineers’ Club of Dayton, 
the American Society of Refrigeration 
Engineers and other national engineer- 
ing organizations. 


Blackinton with Sullivan 
Machinery Co. 


G. W. Blackinton has given up his 
position as factory manager for the 
Continental Motors Corp., in Detroit, 
and re-identified himself with the Sulli- 
van Machinery Co., of Chicago, of 
which he was chief engineer of the 
sales department and branch manager 





from 1906 to 1917. He had been con- 
nected with Continental Motors since 
1919, in which year he was made works 
manager in charge of the Detroit plant. 
His first professional activity after be- 
ing graduated from the engineering 
courses of the University of Michigan 
in 1904, with the degree of bachelor 
of science in mechanical and electrical 
engineering, was in consulting work for 
Field, Hinchman & Smith in Detroit. 
In 1905 he engaged in heating and ven- 
tilating engineering for the Consoli- 
dated Engineering Co., in Chicago. It 
was in the following year that he be- 
gan his long connection with the Sulli- 
van Machinery Co., which was inter- 
rupted by the World War. During 1917, 
1918 and 1919, Mr. Blackinton com- 
manded the Third Battalion of the 
353rd Infantry and also a regiment in 
the San Mihiel and the Meuse Argonne 
offensive. 

Mr. Blackinton was elected a Mem- 
ber of the Society in 1923 and joined 
the Detroit Section in 1924. Last year 
he was appointed Chairman of the Sub- 
committee on Processes and Equipment 
of the Production Committee and in- 
vestigated and made a report on dia- 
mond cutting-tools, which was _ pub- 
lished in the June, 1929, issue of the 
S.A.E. JOURNAL, in Production Engi- 
neering, p. 634. 


Devine Now Assistant Registrar 


Alfred W. Devine, who formerly held 
the position of automotive equipment 
engineer with the Massachusetts Regis- 
try of Motor Vehicles, in Boston, has 
been made assistant registrar. Mr. 
Devine has been in the service of the 
Commonwealth of Massachusetts for 
more than 10 years. In 1916 he was 
employed by the State as equipment 
engineer and, except for one year spent 
as engineer in organizing the equip- 
ment section of the State of New York, 
continued in that position until his re- 
cent advancement. Prior to serving 
the State of Massachusetts, Mr. Devine 
worked for two years as powerplant 
efficiency engineer for the Fuel Testing 
Co., with which he formed a connection 
upon completion of his studies in me- 
chanical engineering at the Massachu- 
setts Institute of Technology. 

Mr. Devine, whe is also a member 
of the Illuminating Engineering Socety, 
was elected a Member of the Society 
in 1925. His membership has been 
marked by a deep interest in Society 
work, especially with regard to Stand- 
ards Committee activities. He has 
served on the Lighting Division of the 
Standards Committee for the last four 
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years and has contributed to Society 
literature several constructive papers 
on the subject of headlighting. These 
papers are as_ follows: Common 
Troubles with Present Headlighting 
Equipment, which appeared in the July, 
1926, issue of THE JOURNAL; Causes of 
Defective Head-Lamps, printed in THE 
JOURNAL for January, 1927, and Head- 
Lamp Focusing Mechanisms and How 
They Affect Law Enforcement, pub- 
lished in THE JOURNAL for June, 1927. 


Tillinghast Leaves the Army 


Capt. T. E. Tillinghast has brought 
to an end his long affiliation with the 
United States Air Service to accept a 
position in the engineering department 
of the Pratt & Whitney Aircraft Co., 
of Hartford, Conn. 

Captain Tillinghast joined the Air 
Service in 1917, just after receiving 
the degree of bachelor of science from 
the Rhode Island State College. He 
was commissioned a first lieutenant and 
engaged in training operations and en- 
gineering duties which included flying 
at the war front. In 1919 he became 
an aeronautical mechanical engineer in 
the Engineering Division of the Air 
Service at McCook Field, and the fol- 
lowing year was given the rank of cap- 
tain and assigned to the Powerplant 
Section, to engage in the designing, con- 
struction and testing of airplane en- 
gines. In 1925 he was stationed with 
the First Pursuit Group at Selfridge 
Field, Mount Clemens, Mich., but the 
next year returned to the Engineering 
Division at McCook Field to assume 
the duties of Chief of the Powerplant 
Section. He held this position until 
July 22, 1929, when he resigned from 
the Army to accept a position with the 
Pratt & Whitney Aircraft Co. 

Captain Tillinghast has been a Ser- 
vice Member of the Society since 1921 
and has manifested a keen interest in 
aeronautic activities. This year he is 
serving as a member of the Aircraft 
Engine Division of the Standards Com- 
mittee. 


Mock to Work in Germany 


Richard M. Mock has entered the 
employment of the Ernst Heinkel Flug- 
zeugwerke, of Warnemunde, Germany, 
to supervise the designing and con- 
struction of airplanes for the American 
market. His last connection was as 
aeronautic engineer with the Bellanca 
Aircraft Corp., of New Castle, Del. In 
1927 and 1928 he was technical editor 
of Aviation, and during part of 1926, 
while taking the course in the College 
of Engineering of New York Univer- 








f 
( 


Vol. XXV 











sity, was a cooperative student in the 
shop of the Loening Aeronautic Engi- 
neering Corp., in New York City. As 
a student he specialized in aeronautics 
and engaged in laboratory and wind- 
tunnel work in the Guggenheim School 
of Aeronautics at the University. 

Mr. Mock was elected to Junior grade 
in the Society in 1927. He presented 
a useful paper on Welding in Aircraft 
Construction at the Aeronautic Meet- 
ing in Cleveland in August of this year. 


Executives Appointed on Aeronautic 


Board of Standard Oil Companies 


The Stanavo Specifications Board, 
formed by the Standard Oil Companies 
of New Jersey, Indiana and California 
for the development of aeronautics, has 
been incorporated in Delaware. The 
purpose of the Board is to cooperate 
with other agencies in the development 
of any aeronautical matters and to de- 
velop on its own initiative aeronautical 
accessories, fuels and lubricants. 

At the recent organization meeting 
of the Board, H. J. Saladin, of the 





D. P. BARNARD, 4TH 


Standard Oil Co. of Indiana, was elect- 
ed president of the new corporation; 
E. E. Aldrin, aviation manager of the 
Standard Oil Development Co., in New 
York City, and S. S. Chadderton, man- 
ager of the aviation division of the 
Standard Oil Co. of California, were 
named vice-presidents; and D. C. Jen- 
nings, of the Standard Oil Co. of New 
Jersey, D. P. Barnard, 4th, research 
automotive engineer of the Standard 
Oil Co. of Indiana, and J. B. Terry, 
chief chemist of the Standard Oil Co. 
of California, were chosen representa- 
tives of their respective companies. 

H. J. Saladin, the new president, was 
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graduated from the University of 
Michigan with the degree of bachelor 
of chemical engineering in 1912, and 
entered the service of the Studebaker 
Corp. as assistant in the engine labora- 
tories. He left Studebaker one year 
later to accept a similar position with 
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the Maxwell Motor Co., with which 
he remained until the entry of the 
United States in the World War, when 
he enlisted in the Signal Corps of the 
Army as an aeronautical mechanical 
engineer and in 1918 was assigned to 
duty in the Bureau of Aircraft Pro- 
duction. At the end of the war he 
accepted the vice-presidency in charge 
of lubrication engineering of the Glen- 
more Co., of Lima, Ohio. In 1922 he 
entered upon his affiliation with the 
Standard Oil Co. of Indiana, his first 
position being that of division engineer 
in the technical department; but three 
years later he assumed charge of that 
department and in 1926 was advanced 
to assistant manager of the lubricating 
department. 

Mr. Saladin has been a Member of 
the Society and of the Mid-West Sec- 
tion, later called the Chicago Section, 
since 1920. He has been prominent in 
the work of the Standards Committee, 
having served as a member of the Lu- 
bricants Division every year since 1924. 

Mr. Aldrin graduated from Clark 
University in 1915. He received his 
master’s degree from the Massachusetts 
Institute of Technology in 1917 and his 
doctor’s degree from that school in 
1928. During his service as an officer 
of the United States Army, he held the 
successive positions of assistant com- 
mandant, Air Corps’ Engineering 
School, Wright Field; chief, Engine 
Maintenance, Manila, P. I., and assis- 


tant executive, Materiel Division, 
Wright Field. From his last position, 
he assumed the direction of the avia- 
tion activities of the Standard Oil Co. 
of New Jersey. Mr. Aldrin is an active 
pilot and is a major in the Army Re- 
serve Corps. He has been technical 
adviser to the Guggenheim Fund for 
the Promotion of Aeronautics and is 
a director of the Guggenheim Medal 
Fund. He is a director of the Standard 
Oil Development Co., chairman of the 
Fuel and Lubricants Section of the 
Aeronautical Chamber of Commerce, 
and chairman of the Aeronautical Di- 
vision of the American Society of 
Mechanical Engineers. He is the author 
of several papers and textbooks on 
aeronautical engineering subjects. 

Mr. Aldrin joined the Society in 1918 
as a Junior Member; in 1926 he was 
elected a Service Member, and upon his 
resignation from the Army in 1928 was 
transferred to Member grade. This year 
he is serving on the Aeronautic Com- 
mittee of the Society and is also a mem- 
ber of the Fuels Subcommittee of the 
Research Committee. He belongs to the 
Metropolitan Section. 

D. P. Barnard, 4th, was educated at 
the University of Delaware and the 
Massachusetts Institute of Technology. 
He continued at M. I. T. as a member 
of the faculty until 1925, when he re- 
signed to become affiliated with the 
Standard Oil Co. of Indiana as research 
automotive engineer in charge of the 
dynamometer laboratories. 

Mr. Barnard has been active in Soci- 
ety matters ever since becoming a Mem- 
ber in 1924. He has presented nu- 
merous papers at Society meetings 
which contain valuable technical data 
on the subject of fuels and lubricants. 
These papers, several of which were 
written in collaboration with R. E. 
Wilson, also of the Standard Oil Co. 
of Indiana, have been published at 
various times in the S.A.E. JOURNAL 
and in TRANSACTIONS. Mr. Barnard, 
who has been a member of the Chicago 
Section since 1924, has been Secretary 
and Vice-Chairman of his Section, and 
this year is acting as Chairman. 

J. B. Terry’s entire automotive ex- 
perience has been with the Standard 
Oil Co. of California, which he joined 
as assistant chemist in 1905, following 
his graduation from the University of 
California. Three years later he was 
advanced to the position of chief chem- 
ist and has held that post ever since. 
He was elected a Member of the Society 
in 1919, and has epntributed valued 
service on the Lubrication Division of 
the Standards Committee for the last 
two years, 


Thomas Embodies a New Principle 
in Transmission Gears 


To Horace T. Thomas, one of the 
earliest pioneers in the automobile in- 
dustry in America, belongs the credit 

(Continued on p. 38) 
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The applications for membership re- 
ceived between September 15 and 
October 15, 1929, are listed below. The 
members of the Society are urged to 
send any pertinent information with re- 
gard to those listed which the Council 
should have for consideration prior to 
their election. It is requested that such 
communications from members be sent 
promptly. 
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ALLIN, GEORGE S. (A) engineer, Earl B. 
Staley Co., 915 11th Avenue, Seattle, 
Wash.; (mail) 2615 Third Avenue, West. 

Beamon, E. L. (J) test engineer, Tide 
Water Oil Co., Bayonne, N. J.; (mail) 
Industrial Y.M.C.A. 

BropHy, CARL RAYMOND (A) mechanic fore- 
man, Portland-Seattle Auto Freight Co., 


Portland, Ore.; (mail) 1538 Atlantic 
Street. 
BROWNELL, WALTER FE. (A) _ treasurer, 


general manager, McGill Metal Co., North 
Lafayette Street, Valparaiso, Ind. 


CASTLE, BENJAMIN F., Cou. (A) president, 
Great Lakes Aircraft Corp., 16800 St. 
Clair Avenue, Cleveland. 


CLISssOLD, Enywarp M. (A) manufacturers’ 
representative, Firestone Steel Products 
Co., Firestone Park, Akron, Ohio; (mail) 
4264 Woodward Avenue, Detroit. 

Davipson, W. W. (A) vice-president in 
charge of sales, Rex Products & Mfg. Co., 
451 West Larned Street, Detroit. 


DENT, JOHN ADLUM (M) head, department 
of mechanical engineering, University of 
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editor, Engineering Index. American 


Society of Mechanical Engineers, New 
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Motor Co., Flint, Mich. 
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Curtiss Aeroplane & Motor Co., Far 
Rockaway, L. I., N. Y.: (mail) 1010 Rose 
Street. 





The following applicants have quali- 
fied for admission to the Society be- 
tween Sept. 10 and Oct. 10, 1929. The 
various grades of membership are in- 
dicated by (M), Member; (A) Associate 
Member; (J) Junior; (Aff.) Affiliate; 
(S M) Service Member; (F M) Foreign 
Member. 





HaipuckK, ANDREW FRANK (J) experimental 
engineer, Bellanca Aircraft Corp... New 


Castle, Del.; (mail) 151 East Second 
Street. 
HANCOCK, CHESTER A. (A) manager, 


Hancock Auto Repair, 2603 
Street, Seattle, Wash. 
Hancock, G. A. (M) chief engineer, L. H. 
Gilmer Co., Tacony, Philadelphia. 
HEATH, SOPHIE Mary (A) aeronautical ad- 
visor, test pilot, American Cirrus Engine 


Jackson 


Co., Inc., Belleville, N. J.; (mail) The 
Lakeside Hospital, Cleveland. 
HEIGHT, Lewis H. (J) chief engineer, 


Mooney Aircraft Corp., 601 East 35th 
Street, Wichita, Kan.; (mail) 329 North 
Rutan. 

Hiss, RicHarpD E. (J) assistant engineer, 
Sky Specialties Corp., 3651 Hart Avenue, 
Detroit; (mail) 1412 Collingwood. 

JASPERT, WILLIAM B. (M) attorney at law, 
2211 Farmers Bank Blidg., Pittsburgh. 

Katusu, Kam N. (J) chemist, technical 
representative, Cook Paint & Varnish 
Co., 6-247 General Motors’ Building, 
Detroit: (mail) P. O. Box 144, Highland 
Park, Mich. 

KUNZE, ARTHUR D. (A) secretary, Rubber 
Manufacturers Association, Inc., 250 West 
57th Street, New York City. 


LARKIN, ANTHONY J. (J) service engineer, 
Heywood Starter Corp., 6547 St. Paul, 
Detroit. 

LAVERTY, FRANCIS W. (J) engineer, Clark 
Bros. Co., Olean, N. Y.; (mail) 224 
South 11th Street. 





Mort, F. H., Jr., (A) sales manager, Rich 
Steel Products’ division, Wilcox-Rich 
Corp., General Motors Building, Detroit; 
(mail) 4337 Tyler Avenue. 


Myers, T. E. (A) vice-president, general 
manager, Indianapolis Motor Speedway 
Corp., 444 North Capitol Avenue, Indi- 
anapolis. 


PATTERSON, ROBERT G. (A) president, 
general manager, Piston Service Co. of 
Indiana, 409 North Capitol Avenue, Indi- 
anapolis. 


PATTERSON, ROBERT JOHN (M) director of 
vocational education, Wilkinsburg Board 
of Education, Wilkinsburg, Pa.:; (mail) 
5830 Adler Street, East Liberty Station, 
Pittsburgh. 


PowELson, W. E. (A) master mechanic, 
Los Angeles County Fire Department, Los 
Angeles County Hall of Records: (mail) 
503 Meridan Avenue, Alhambra, Calif. 


PRELLER, G. J. (A) branch manager, 
Howatt & Lee, Inc., 3102 Northern Boule- 
vard, Long Island City, N. Y. 


RADTKE, M. WILLIAM (F M) assistant en- 
gineer, General Motors Corp., Detroit; 
(mail) Adam Opel A-G., Fahrrider u. 
Motorwagon-Fabrik, Riisselsheim, Ger- 
many. 


REVERDY, RupoLtF V. (M) _ vice-president, 
general manager, Kay Steel Wheel Co., 
2729 Elm Street, Los Angeles; (mail) 
P, O. Box 235. . 


RICHARDSON, HOLDEN CHESTER (M) director 
of engineering, Allied Motor Industries, 
Ine., 120 South LaSalle Street, Chicago; 
(mail) 16800 St. Clair Avenue, Cleveland. 


ScHERGER, THOMAS A. (M) laboratory en- 
gineer, in charge of dynamometer testing, 
Studebaker Corp., South Bend, Ind.; 
(mail) 740 North Johnson Street. 


SEE, MARCEL (A) president, head manager, 
Société Anonyme Francaise d’Automo- 
biles (Amilear), 31 & 47 Boulevard Ana- 
tole, St. Denis (Seine) France. 


SHEPHERD, B. F. (M) metallurgist, Inger- 
soll-Rand Co., Center Street, Phillips- 
burg, N. J. 

TURNER, Roy P., Ligut. (J) 11th Field 
Artillery, Schofield Barracks, Territory of 
Hawaii. 


News of Section Meetings 


Aircraft Co., resigned as Secretary, as 
he was about to remove from the city, 
and A. O. Payne, of Park Air College, 
was elected to fill the vacancy. 

An illustrated lecture on the de- 
velopment of aircraft-engine lubrica- 
tion during the last three years was 
given by L. J. Barney, of the Vacuum 
Oil Co. Formal discussion presented 
by John Kopstein, of the Industrial 
Testing Laboratory, led to active, in- 
structive general discussion by others 
present. 

The next meeting of the Section is 
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te be held at the same place on Nov. 
19, and it is expected that the paper 
of the evening will be, Six-Wheel 
Trucks and Trailers, by A. M. Wolf, 
a consulting engineer of New York 
City, who prepared it for presentation 
at the World Engineering Congress, to 
be held in Tokio, Japan, in November. 


Washington Meeting on Aircraft 


WO aeronautic papers were sched- 
uled for presentation at the Oct. 23 
meeting of the Washington Section, 


Or 
or) 
vr 


which was held at the City Club in 
the City of Washington. The speakers 
were Robert Insley, of the Continental 
Motors Corp., whose subject was Duty 
of the Aircraft Manufacturer to the 
Passenger; and Lieut. Leland Webb, 
U. S. N., who talked about aircraft car- 
riers of the Navy. Lieutenant Webb 
exhibited three reels of motion pictures 
of the operation of airplanes in connec- 
tion with the carriers Saratoga, Lexing- 
ton and Langley. 

A members’ dinner preceded the tech- 
nical session, which was attended by 
about 30 members. 



















AIRCRAFT 


Technical Aspects of the Cleveland Ex- 
position. By Leslie E. Neville. Pub- 
lished in Aviation, Sept. 7, 1929, p. 
502. [A-1] 
Although the airplanes exhibited 

were fewer in number than at some 

previous shows, the group was repre- 
sentative of the present status of the 

American aeronautic industry, the au- 

thor contends; the dominating theme, in 

his opinion, being the response of de- 
signers to the demands for increased 
performance in all classes of airplane. 

Increased performance depends in 
general upon greater power and cleaner 
design from an aerodynamic standpoint. 
Among the design features contributing 
to aerodynamic efficiency, the author 
lists cowlings of the National Advisory 
Committee for Aeronautics type, 
streamlined fairings of several distinct 
types for landing-wheels, fillets to 
streamline wing panels and empennage 
members into the fuselage, fuselages 
of circular or elliptical section, canti- 
lever and retractable landing-gears, and 
retractable landing-lights. Tapered 
wings, he notes, were not as much in 
evidence as at previous shows, prob- 
ably because of the difficulties involved 
in their manufacture. 

Considering the airplanes at the show 
from the structural standpoint, the 
progress of metal construction is still 
noticeable as it was in Detroit last 
April, and welded steel tubing remains 
conventional practice in fuselage con- 
struction, while the majority of wing 
structures are still of wood. Several 
wing structures were of wood and alu- 
minum alloy. Some progress is re- 
ported toward a solution of the problem 
of visibility. Few changes were noted 
in the general design of landing-gears, 
but several designers showed wing 
stubs for obtaining greater strength. 

Mr. Neville gives in his article an in- 
teresting analysis of the airplanes on a 
basis of gross weight, describes the 
most interesting exhibits, and includes 
a table of general characteristics and 
specifications. 


The Helicogyre. By V. Isacco. Pub- 
lished in. The Journal of the Royal 
Aeronautical Society, July, 1929, p. 
5738. [A-1] 
The author and originator of the 

Helicogyre describes it as a machine 

capable of rising and descending ver- 

tically, of remaining at any given point 
in mid-air, and of flying in horizontal 
translation, and declares “helicogyre 
flight” to be clearly distinct from “heli- 
copter flight” and from “autogyro 
flight.” 

In the article the author classifies the 























































These items, which are prepared by the 
Research Department, give brief descrip- 
tions of technical books and articles on 
automotive subjects. As a general rule, 
no attempt is made to give an exhaustive 
review, the purpose being to indicate what 
of special interest to the automotive in- 
dustry has been published. 

The letters and numbers in brackets 
following the titles classify the articles 
into the following divisions and subdivi- 
sions: Divisions—A, Aircraft; B, Body; 
C, Chassis Parts; D, Education; E, En- 
gines; F, Highways; G, Material; H, 
Miscellaneous; I, Motorboat; J, Motor- 
coach; K, Motor-Truck; L, Passenger 
Car; M, Tractor. Subdivisions—l, De- 
sign and Research; 2, Maintenance and 
Service; 3, Miscellaneous; 4, Operation; 
5, Production; 6, Sales. 
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various types of machine designed to 
solve the problem of vertical flight and 
analyzes them under the headings: (a) 
helicopters with four sustaining pro- 
pellers, (6) machines with two sets of 
sustaining wings on separate axles or 
on a single axle, (c) airplane helicop- 
ters, and (d) helicopters with one set 
of sustaining wings driven mechanical- 
ly. As a result of this analysis, he 
concludes that the solution of two or 
several sets of wings turning in oppo- 
site directions is no solution at all and 
that the only way is to have one single 
set of sustaining wings but without me- 
chanical transmission from the engine 
in the fuselage. The solution offered is 
the transmission of power by engines 
fitted directly on the wings and de- 
signed to go round with them. A de- 
tailed description and a large number 
of diagrams are given. 

Three Helicogyres have been built up 
to the present time; the first during 
1926 and 1927, ordered by the French 
Government; the second during 1927 
and 1928, on the strength of a second 
contract with the same government; 
the third during 1928 and 1929, ordered 
by the British Air Ministry. The last 
named has four wings, with a 32-hp. 
Bristol Cherub engine at the end of 
each. The front of the fuselage is 
fitted with a 100-hp. Genet engine. 


An American Designer’s Review of the 
Schneider Race. By Grover Loening. 
Published in Aviation, Sept. 28, 1929, 
p. 650. [A-1] 
This American observer briefly de- 

scribes the incidents of note in the 

Schneider Trophy Race and, although 

the technical details of the airplanes 
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have not as yet been completely dis- 
closed, a few of the major data are 
given for the winning Supermarine 
Rolls-Royce S6, the Italian Macchi 52 
plane, the Gloster-Napier, and two 
Italian planes—a Fiat racer and the 
Savoia-Marchetti tandem monoplane— 
which were exhibited but not entered in 
the contest. 


A Course-Shift Indicator for the Dou- 
ble-Modulation-Type Radio Beacon. 
By H. Diamond and F. W. Dunmore. 
Published in the Bureau of Stand- 
ards Journal of Research, July, 1929, 
yd: [A-1] 
To further increase the reliability of 

the visual directive radio-beacon sys- 

tem developed by the Bureau of Stand- 
ards, a course-shift indicating instru- 
ment intended primarily for station use 
has been developed which serves a two- 
fold purpose: (a) to indicate to a sta- 
tion operator whether a given course as 
laid out in space remains unvarying 
during a given time of operation, and 

(b) to greatly facilitate a check of the 

beacon calibration. 

The article is prefaced with a brief 
description of the directive radio bea- 
con to give the reader a better under- 
standing of the operation of the course- 
shift indicator described in detail in 
the text of the article. In comparing 
this instrument as a visual course-indi- 
cator with the vibrating-reed type of 
indicator now in use, the authors point 
out that the chief advantage over the 
reed indicator lies in the extremely 
sharp indication of course made possi- 
ble, while its disadvantages are those of 
greater weight, greater signal strength 
required for operation and greater 
chance of injury to moving parts. 


The Flutter of Aeroplane Wings. 
By R. A. Frazer. Published in The 
Journal of the Royal Aeronautical 
Society, June, 1929, p. 407. [A-1] 
The paper deals with measures for 

the avoidance of unstable oscillation of 

airplane wings. The author states that 
in 1925 the Accidents Investigation Sub- 
committee of the Aeronautical Research 

Committee issued a report dealing with 

airplane accidents involving wing flut- 

ter. The report proposed certain pro- 
visional measures for the avoidance of 
flutter, but recommended a more com- 
plete investigation of the subject. In 

December, 1926, the control of this in- 

vestigation was transferred to the spe- 

cially appointed Flutter Subcommittee. 

The problem has been studied theo- 
retically and experimentally, both at 
the Royal Aircraft Establishment and 
at the National Physical Laboratory in 


(Continued on next left-hand page) 
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ALLOY and CARBON 
STEELS 


Open Hearth and Electric Furnace Processes 
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Die Rolled Parts 
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England. A mathematical analysis of the vibrations of an 
elastic cantilever wing, examinations of spar fractures, 
mechanical tests of wing structures, and the prediction of 
full-scale flutter by means of wind-tunnel experiments are 
some of the methods of study pursued at the former. 

The development of a simple theory of wide applicability, 
experimental tests of its validity and its application to the 
problem of flutter prevention are the principal lines of in- 
quiry pursued at the National Physical Laboratory and cov- 
ered in this article. Extensive discussion, with the author’s 
reply, is appended. 


The Prediction of Airfoil Characteristics. By George J. 
Higgins. Report No. 312. Published by the National Ad- 
visory Committee for Aeronautics, City of Washington; 
13 pp., 17 figures. [A-1] 


This paper describes and develops methods by which the 
aerodynamic characteristics of an airfoil can be calculated 
with sufficient accuracy for use in airplane designing. 
These methods for prediction are based on the present aero- 
dynamic theory and on empirical formulas derived from 
data obtained in the N. A. C. A. variable-density wind-tunnel 
at a Reynolds number corresponding approximately to full 
scale. 


Investigation of Air Flow in Open-Throat Wind-Tunnels. 
By Eastman N. Jacobs. Report No. 322. Published by 
the National Advisory Committee for Aeronautics, City 
of Washington; 11 pp., 6 figures. [A-1] 


Tests were conducted on the 6-in. wind-tunnel of the 
National Advisory Committee for Aeronautics during May 
and June, 1928, to form a part of a research on open-throat 
wind-tunnels. The primary object of this part of the re- 
search was to study a type of air pulsation which has been 
encouritered in open-throat tunnels, and to find the most 
satisfactory means of eliminating such pulsations. 


To do this it was necessary to study the effects of dif- 
ferent variables on all of the important characteristics of 
the tunnel. The author gives in this paper, not only the re- 
sults of the study of air pulsations and methods of elim- 
inating them, but also the effects of changing the exit-cone 
diameter and flare and the effects of air leakage from the 
return passage. 


It was found that the air pulsations in the 6-in. wind- 
tunnel could be virtually eliminated by using a moderately 
large flare on the exit cone in conjunction with leakage 
introduced by cutting holes in the exit cone somewhat aft 
of its minimum diameter. 


The Streamline Airplane. By B. Melvill Jones. Published in 
The Journal of the Royal Aeronautical Society, May, 1929, 
p. 358. [A-1] 


The results of a search for a simple and reasonably 
sound way of estimating the power which would be re- 
quired to drive a perfectly streamlined airplane are given 
in this lecture, in which Mr. Jones deals with the possible 
reduction of aerodynamic: head resistance, or drag, and 
hence the power required for flight. The formula finally 
reached is very simple and easily visualized, and the author 
has employed considerable detail to make clear the as- 
sumptions upon which the final conclusion is reached. Re- 
duction of drag, he argues, will enable an airplane of a 
given power-loading to cruise either at a higher speed or 
with a lower fuel consumption. This will result in in- 
creased range or pay-load, both factors of the first impor- 
tance in aeronautical development. 

This paper is described by G. H. Dowty, writing in The 
Automobile Engineer, as one of the most technical con- 
tributions during the last year. 


(Continued on next left-hand page) 


ae 


lero- 


mber, 1929 S.A. E. JOURNAL, 19 


Shipped First 
Six Months 1929 


29,633,916 


Piston Rings 


% 


tp RING Company? 


Sag Sie 


Standard of theWorld 








ee eae 
<< necaisniietindlvinaicontnaialommmimecoon 


apoatiation ren 


SST AA A CUE Ma 


| 





20 


AR SANDEE LP LELLEL LOE LL LLEE LSA ELLIO, 


NON-DESTRUCTIVE 
TESTING= 


The ELEecTrRIC-TELEMETER for tests, 





under actual working conditions— 





The extreme accuracy of the Electric Tele- 

meter permits its use in Testing Machine 

Recording. A machine so equipped is il- 
lustrated above. 








Write for our two booklets 
*McCOLLUM-PETERS 
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Aero Engine Problems in Flight with Particular Reference 
to Carburetion. By R. J. Penn. Published in The Journal 
of the Royal Aeronautical Society, May, 1929, p. 325. 


[A-1] 
The author compares the motor-car engine, which is 
generally designed, built and tested in association with the 
vehicle it eventually propels, with the aeronautic engine, 
which is often designed and built with little knowledge of 
the types of aircraft in which it will be employed. He 
points out that the remainder of the powerplant, including 
ithe fuel, water and oil systems of the car, are also de- 
signed at the same time and to suit the chassis, but the 
aeronatutic engine, in the various types of aircraft, is 
likely to be coupled to many different forms of these sys- 
|tems. Consequently numerous problems arise between the 
completion of the acceptance tests of an engine and the 
final approval of an aircraft powerplant for flight tests. 


Again, the car powerplant when once tuned up, remains 
isensibly in tune, since the barometric and temperature 
changes on the ground are relatively small compared with 
\those encountered by the aerorautic engine. The paper 
|deals with the problems leading up to the final approval of 
jan aircraft for flight, methods of testing the additional 
|parts of the powerplant provided by the aircraft con- 
structor, and the means of circumventing the de-tuning 
that occurs the moment an aircraft engine leaves the 
ground. 





The effect on carburetion of altitude flying; balancing 
|and altitude control; the various types of carbureters; and 
|the factors affecting economy in flight are discussed. The 
work described is the product of a large number of flying 


|and technical officers of the Air Ministry who collaborated 
in gathering the data. 


Analysis of the Wing and Other Indeterminate Structures. 
By Jean Fradiss and Armand Thieblot. Published in 
Aviation, June 15, 1929, Aeronautical Engineering Sec- 
tion, p. LXXXVI. [A-1] 

| In the introduction to the analysis, the authors point out 
|'that most of the systems the aeronautic engineer has to 
| analyze are statically indeterminate. The conventional type 
of wing structure forms a system that is not statically de- 
termined if all the elements taking a part of the load are 
taken into account; that is, the spars, ribs, compression 
members, drag truss, and often the skin. The tail surfaces 
| with their external bracing, the conventional engine mount 
| made of welded steel tubing, the nacelle structure and 
| nacelle bracing, and so on are generally not statically de- 
termined. 





To analyze indeterminate airplane structures it is neces- 
| sary, not only to consider the geometrical properties of the 
| systems so far as the laws of statics are concerned, but 
also to make due allowance for the elastic properties of the 
systems insofar as the principles of strength of material are 
involved. The analysis of the systems mentioned is not com- 
| plicated or tedious provided a method has been developed 
| for each particular case, the writers contend, and they en- 
deavor in this exposition to meet this need. 


| The article is continued in the July 20, 1929, issue of 
Aviation, 





| Tests of Four Racing-Type Airfoils in the Twenty-Foot 
| Propeller Research Tunnel. By Fred E. Weick. Technical 

Note No. 317. Published by the National Advisory Com- 
mittee for Aeronautics, City of Washington; 6 pp., 9 fig- 


| ures. [A-1] 


| Full Seale Investigation of the Drag of a Wing Radiator. 
| By Fred E. Weick. Technical Note No. 318. Published 
by the National Advisory Committee for Aeronautics, 
City of Washington; 5 pp., 10 figures. [A-1] 





(Continued on next left-hand page) 
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With the birth of every 
new industry comes the 
birth of many allied 
and dependent organi- 
zations. 


With the birth of the auto- 
motive industry came the 
birth of many manufac- 
turers of component parts. 
Some have vanished. Others 
have attained prominence. 


The Borg & Beck Clutch 
of today is the product of a 
company which has grown 
with the industry to its 
present status. 4 leader in 
a leading industry. ‘The 
Borg & Beck Clutch, with 
its velvety smoothness and 
improved shifting, makes 
possible in modern car per- 
formance increased 
speed without strain. 


BORG & BECK, 6558 South Menard Ave., Chicago 
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Some Experiments on Autorotation of an Airfoil. By 

Shatswell Ober. Technical Note No. 319. Published by 
the National Advisory Committee for Aeronautics, City 
of Washington; 10 pp., 11 figures. [A-1} 


The Drag and Interference of a Nacelle in the Presence of a 

Wing. By Eastman N. Jacobs. Technical Note No. 320. 
Published by the National Advisory Committee for Aero- 
nautics, City of Washington; 12 pp., 12 figures. [A-1] 


The Induced-Drag Viewpoint of Performance. By Clark 
B. Millikan. Published in Aviation, Aug. 17, 1929, p. 
p. 365. [A-1] 


Certain of the standard formulas relating to power re- 
quired are stated in a form which brings out the nature of 
the physical dependence of the phenomena on two aero- 
dynamic parameters: span loading and parasite loading. 
The implications of these formulas are discussed in some 
detail. The difficulties in getting accurate analytical ex- 
pressions for power available in general are mentioned and 
are shown to disappear in large measure for the case of 
high-speed level flight. A simple analytical formula for 
maximum speed is obtained and exhibited in graphical form. 
This formula involves the two above-mentioned aerody- 
namic parameters and in addition one propulsive quantity: 
the thrust power-loading. The possible uses of the high- 
speed relation are briefly considered. 


Travel of the Center of Pressure of Airfoils Transversely 
to the Air Stream. By Richard Katzmayr. Translated 
from Berichte der Aeromechanischen Versuchsanstalt in 
Wien, vol. 1, no. 1, 1928. Technical Memorandum No. 
530. Published by the National Advisory Committee for 
Aeronautics, City of Washington; 14 pp., 15 figures. 


[A-1] 


Handley Page Metal Construction. Reprinted from Flight, 
May 9, 1929. Technical Memorandum No. 533. Published 
by the National Advisory Committee for Aeronautics, 
City of Washington; 8 pp., 19 figures. [A-1] 


“ ,. the difference in 


SERVICE is so much 


Heating and Ventilating for Airport Buildings. By E. C. 
Blackburn, Jr. Published in Aviation, July 6, 1929, p. 


30. [A-4] 
The importance and economics of adequate heating of 
airport buildings are argued in this series of articles, which 
is continued in the July 13 and July 20, 1929, issues of 
greater aaYeny) the ae Aviation. The author assumes a layout of buildings for an 
airport and designs a complete heating system for a hangar 
é ” building, determining the amount of heat required, locating 
t a) PRICE the heating surfaces and showing by diagram the supply 
cen S l ° and return piping to each heater. 
The heating loads for the other buildings are assumed 
and an adequate boiler plant and method of conveying the 
heating medium to the various buildings are designed. The 
most desirable fuels and other features are also discussed. 
Ventilation is considered briefly and also several different 
methods of charging for heat are suggested where many of 
the different buildings are leased to firms not affiliated with 


the owners of the airport. 
NYVRMA-~ 
vet elf tha ey CHASSIS PARTS 
BEARINGS CYURPORATIVN SSIS PARTS 


St ford — Connecticut : ’ ; , , , . ; 
yey HRUST BEARINGS Central Lubrication of Chassis Bearings. By H. W. Pitt. 
ee Published in The Automobile Engineer, May, 1929. 
p. 187. 


[C-1] 
The author enumerates the advantages of central-pres- 
sure-fed bearings and classifies the systems in use at pre- 


(Continued on next left-hand page) 
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Safety and beauty are two big factors in car salability. To the car buyer 
the bumper equipment is important both for protection and appearance. 
Wherever cars are “packed-in” inane to bumper, you will find the 
vast majority equipped with C. G. or Biflex Bumpers. 
A new product, which sells on sight to owners of popular priced light 
cars, is the C.G. spare tire guard, which fastens to the bumperette clips. 
These Houdaille-Hershey items are the result of careful design— 
design in the sense of artistic lines, maximum strength and protection. 
The Skinner Company, Ltd., Gananoque and Oshawa, Ontario, the 
most prominent of the bumper makers of Canada, is now a division of 


Houdaille-Hershey and supplies the trade in Canada. 
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The Girst Succes sful 


"Front Drive" 
Universal Joint 





MECHANICS 
UNIVERSAL JOINT 


Two specially built, constant velocity type, 
MECHANICS UNIVERSAL JOINTS are 
used in the Cord front drive automobile. 


Heretofore, “front drive” cars have been un- 
able to get constant velocity to the front 


wheels, when rounding corners, and have had 
to make wide turns. 


The special MECHANICS Universal Joint 
has made the Cord front drive automobile 
efficient and practical by providing constant 
velocity on the turns and reducing the turn- 
ing radius to 21 feet. 


The development of “front drive” cars again 
has called attention to the importance of the 
work performed by the universal joint. 


This new interest has resulted in a more 


widespread appreciation of the several prac- 


tical advantages of the MECHANICS UNI- 
VERSAL JOINT. 


Our engineers gladly will furnish you with 
valuable information that will assist you in 
developing future models employing new 
“Drive” principles. Enlisting their aid will 
not obligate you in any way. 


MECHANICS UNIVERSAL JOINT COMPANY 
ROCKFORD, ILLINOIS 


Sales Representatives 
C.A.8. Engineering Co 
5-139-140 General Motors Bldg. 
Detroit, Mich. 


Export Representatives 
Benjamin Whittaker, Inc 
114-118 Liberty St. 
New York, N. Y. 


Foreign Representatives 
Benjamin Whittaker, Ltd. 


Victoria House, Vernon Place 
London, W. C. 1, 


England 
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sent under three heads: (a) continuous flow, including 
‘capillary tubes and gravity flow; (b) automatic flow, 
lincluding engine-operated pump, vibration pump and ex- 
|haust-heat expansion; and (c) intermittent flow, including 
|hand-pump, foot-pump or mechanical pump. The various 
|systems coming under these classifications are described, 
‘illustrated and compared. 


Prediction is made that the application of central lubri- 
cation will be extended very rapidly in the near future, 
and the author points out that the obvious line of develop- 
ment is for a fully automatic system to be built into the 
chassis from the commencement of the design, either with 
the engine as the source of power and a slow-action me- 
\chanism to give the required reduction to the oil feed, or 
'by one of the many methods now undergoing experimental 
| development. 


EDUCATION 


| Engineering English. By John Hubert Scott. Published by 

John Wiley & Sons, Inc., New York City; 321 pp. [D-3] 

Engineering English differs from the English of litera- 
| ture in its vocabulary and manner. The subject of this 
| review is intended as a textbook for engineering students 

and will be found useful to anyone who has occasion to 
write on engineering subjects. 

Separate chapters are devoted to the structure of papers 

| on processes, directions, apparatus and principles of opera- 
| tion; to talks on engineering projects and new inventions; 
| to papers and talks on other subjects; and to writing let- 
| ters, reports and specifications. Alternating with these are 
| chapters on details such as punctuation, abbreviation and 
spelling. In the chapter on hyphenation the author handles 
this difficult subject ably, but it probably is too much to 
expect that any English scholar could write a chapter on 
this subject to Which any other English scholar would sub- 
scribe without exception. 


The chapter on The Investigative Paper may be consid- 
ered to give an idea of the methods followed in this book. 
It begins with details that differentiate a paper of this sort 
from other kinds and gives hints on procedure in working up 
notes. Many types of investigative paper are listed, with 

| definite hints on handling. Emphasis is put on the im- 
portance of outlining, revising and rewriting. Much atten- 
| tion is given to vocabulary. An immense number of sub- 
| jects which may be helpful to students in making selections 
for themes are suggested more or less definitely. 

Engineering schools sometimes fail to give the student 
sufficient training in other than strictly engineering sub- 
jects to enable him to make the best use of the abilities he 
has acquired. A book like this can be the foundation of a 


course that will help an engineer to make his work more 
effective. 


ENGINES 


Cylinder-Head Design. By Harry R. Ricardo. Published 
in The Automobile Engineer, July, 1929, p. 257. [E-1] 


Ten years ago, as the result of much previous experi- 
mental work done before and during the World War, 
Ricardo patented a form of cylinder-head for side-valve en- 
gines which has come to be known as the “turbulent head.” 
The design factors of this engine, the writer declares, made 

| it possible to obtain from a side-valve engine a power out- 
put and economy at least as good as those previously ob- 
tainable from an overhead-valve engine of equal dimensions, 
| with the added advantage of a reduction both in the ten- 


dency to detonate and in the sensitiveness to ignition 
| timing. 


| (Continued on next left-hand page) 
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135 manufacturers use Stromberg 
carburetors as standard equipment. 


This impressive list, shown here, con- 
tains representative firms in every line 
of industry where motors are used. 


These firms KNOW that Stromberg 
superior performance is the result of 
the highest type of carburetion en- 
gineering, the finest workmanship, 
the best materials procurable. 


They recognize real merit and are 
willing to pay for it. 


STROMBERG MOTOR DEVICES 
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Here is a partial list of manu- 
facturers using Stromberg 
Carburetors as standard 
equipment: 
AUTOMOBILES 

Chrysler Corp. 

Continental Motors Corp. 

Cunningham Son & Co 

Dodge Bros. Corp. 

(Lincoln) Ford Motor Company 

H. H. Franklin Mfg. Co. 

Hupp Motor Car Corp. 

Jordan Motor Car Co. 

Locomobile Co. of America, Inc. 
Marmon Motor Car Co. 

Peerless Motor Car Co. 

Pierce-Arrow Company 

Sayers Scoville Co. 

The Studebaker Corp. 

Windsor Corporation 


AIRCRAFT 
The Alliance Aircraft Corp. 
Allison Engineering Co. 
American Cirrus Eng. Co. 
Axelson Machine Co, 
Comet Engine Corp, 
Continental Motors Corp. 
Curtiss Aero & Motor Co. 
Fairchild Caminez Eng. Corp. 
Kinner Airplane & Motor Corp. 
Lambert Aircraft Co. 

(formerly Velie Motors Corp.) 
LeBlond Aircraft Engine Co. 
Lycoming Motor 
MacClatchie Manufacturing Co. 
Michigan Aero. Engine Corp. 
Navy Department 
Pratt & Whitney Aircraft 
O. E. Szekely Corp. 

War Dept.—Air Corps 
Warner Aircraft Corp. 
Wright Aero Corp. 


MARINE 
Consolidated Ship Bldg. 
Sterling Engine Co. 


TRUCKS, TRACTORS 

The Autocar Company 
Brockway Truck Co. 

Graham Bros. 

Indiana Truck Corp. 
International Motor Co. 
International Harvester Co. 
Maccar Truck Co. 

Minneapolis Steel & Mach. Co. 
Minneapolis Threshing Machine Co. 
Sanford Motor Truck 
Schramm, Inc. 

Selden Truck Co. 

Stewart Motor Corp. 


| 


CO., 58-68 E. 25thStreet, CHICAGO 
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Moanin’ 
Low 


Low cost for future service. That 
seems to be the objective of mod- 
ern engineers and it is a worthy 
objective. 


Every new doo-dad that will ease 
the strain on the owner’s pocket- 
book is adopted, and wisely so. 


Friend Smith will gladly spend $15 
for a pair of tickets for the “Fol- 
lies” but he shies at a $7 repair bill. 


Owners are that way. 


When it comes to bearing adjust- 
ment nothing is quite so comfort- 
ing to the Service Department and 
the owner as the low cost of an ad- 
justment made with Laminum. 


So much time and labor is saved. 


If you want to keep owners from 
moanin’ low,—provide for Lami- 
nated shims. 


COMPANY, Ine. 


14th Street and Governor Place 
Long Island City, N. Y. 


DETROIT. 2017 Dime Bank Bldg. 
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LAMINATED SHIM 
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The author describes further experiments made since the 
first appearance of his engine and gives a brief sketch of 
the types of engine and apparatus developed for experi- 
mental purposes. The general gist of the experiments has, 
on the whole, it is said, confirmed Ricardo’s previous con- 
clusions and made it possible to dissociate and evaluate the 
various individual factors. The results of the recent ex- 
periments are given briefly under the conclusions that 

(1) The rate of burning depends primarily upon the 

degree of turbulence and may be expressed in 
terms of increase of pressure per degree of 
crank angle. 


(2) To a secondary extent the rate of burning de- 
pends upon the compression ratio, the higher 
the compression being, the more rapid is the 
burning and therefore the less need for turbu- 
lence. 


(3) At any compression ratio the best power output 
and efficiency are obtained at full load when the 
rate of pressure rise is approximately 30 lb. 
per sq. in. per deg. of crank angle, but at light 
loads a somewhat greater degree of turbulence 
is desirable. 

(4) In the so-called turbulent head, turbulence is set 
up to an almost equal extent by the initial ve- 
locity through the inlet valve or the velocity 
through the restricted throat during com- 
pression. 


(5) Though both of the factors mentioned in (4) 
influence the turbulence to an almost like ex- 
tent, it usually is undesirable, because of sec- 
ondary considerations, unduly to _ intensify 
either of them at the expense of the other. 

(6) Turbulence from each of the three sources in- 
creases proportionately with increase of speed, 
so the relationship of rate of pressure rise to 
crank angle remains substantially constant 
throughout the whole speed range of the en- 
gine. 

(7) In all cases the best possible position for the 
spark-plug is nearly but not quite in the cen- 
ter of the “effective” combustion-chamber, with 
a slight bias toward the exhaust-valve head, 
since this neighborhood is necessarily the 
hottest zone and should therefore have the 
shortest flame travel. 


(8) So far as detonation is concerned, the clearance 
between the piston and the cylinder-head, in 
the “inoperative” portion, is the main deter- 
mining factor and is critical. 

(9) The effect of turbulence alone upon the tendency 
to detonate, as distinct from much more im- 
portant factors such as length of flame travel, 
is appreciable but not outstanding. 


Heat Flow in Aircraft Engine Pistons. By C. F. Taylor and 
M. S. Huckle. Published in Aviation, Sept. 21, 1929, 
Aeronautical Engineering Section, p. 639. [E-1] 
The authors point out that the subject of heat flow in the 

pistons of high-performance internal-combustion engines is 

of great importance, since it largely controls piston tem- 
perature. The piston temperature, in turn, is an important 
factor affecting not only the strength and life of the piston 
itself but also such essential characteristics as the maxi- 
mum compression-ratio that may be used with a given fuel 
and the extent of the cyclic heat losses, friction losses, and 
so forth. 

Previous investigations of this subject, the writers con- 
tend, have not included any determination of the amount of 
heat leaving the piston by convection to the air and vapor 


(Continued on next left-hand page) 
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Nash Adopts Alemite Automatic Chassis 
Lubrication For The New Nash 
Single Six “400” Series 


Offering Nash Buyers the Newest, Most | 
Revolutionary Development in Chassis Lubrication 


Nothing to Pull! Nothing to Push! 
Nothing to Think About! 
Lubricates as You Drive 


Alemite Automatic System 

Changes All Previous Concep- 

tions of Centralized Chassis 

Lubrication. It Works 100% 

Continuously and 100% Auto- 

matically Every Second Your 
Car Is In Motion 


1% line with the Nash record for accept- 
ance of the newest scientific develop- 
ments in the automotive field, Nash engi- 
neers after careful search and test have 
adopted Alemite AUTOMATIC for the new 
Nash Single Six in the ‘‘400”’ series for1930. 


Here is a method that supersedes all pre- 
viously known methods of centralized 
chassis lubrication. 


It is 100% Automatic IN ACTION. It is 
100% CONTINUOUS in oil flow! And thus 
provides POSITIVE and SuRE lubrication. 


It marks the First and ONLY system 
that requires no thought or action on the 
driver’s part. And thus completely elimi- 
nates the human element of forgetfulness 
from its successful operation. 


There are no levers to push out, no han- 
dles to turn—nothing to think about, 
nothing to remember. It works itself—all 
the driver does is drive. 


It is the Frrst and ONLY system that 
supplies a CONTINUOUS oil flow to the 
bearings EVERY MINUTE the car is in 










Simply fill 
this glass tes- 
ervoir with oil 
each 2,000 miles 


operation. And thus eliminates the “‘inter- 
mittent lubrication”’ disadvantage of older 
type systems. 


Under this new system every road jar, 
every road movement of the car is utilized 
to force a CONTINUOUS supply of FRESH 
oil to vital chassis bearings—the ultimate 
engineering ideal of truly EFFICIENT lubri- 
cation. 


It lubricates only when the car is in mo- 
tion. The motion of the car operates the sys- 
tem. Thus the rougher the road, the more 
friction that exists, the more lubrication 
you get. AND— it offers the motor car 
manufacturer and the public the ONLY 
COMPLETELY CO-ORDINATED SYSTEM of 
Cuassts LUBRICATION yet developed in 
the automotive field. 


The fact that it is made by Alemite, engi- 
neered by Alemite, tested and proved by 
over two years of exhaustive tests by Ale- 
mite Engineers stamps it as one of the 
most revolutionary and important devel- 
opments in the field since the invention of 
the self-starter for automobiles. 


ALEMITE AUTOMATIC 
CONTINUOUS CHASSIS LUBRICATION 
Lubricates As You Drive 








Fill a Transparent Reservoir Every 
* 2,000 Miles—That’s All 


The entire oil supply is carried in a trans- 
parent glass tank that requires filling but 
every 2,000 miles on an average. Yet which 
instantly reveals, without guesswork or bother, 
how much oil it contains. 


As long as there is oil in that tank, there is 
100% AUTOMATIC and 100% CONTINUOUS 
lubrication throughout the chassis bear- 
ings it serves. 


It marks the lubrication of the future, ac- 
cording to engineers, of world’s motor cars. 


Complete information will be sent on 
request. 


Alemite Corporation (Division of Stewart- 
Warner), 2654 North Crawford Avenue, 
Chicago, Ill. Canadian address: The 
Alemite Products Company of Canada, 
Ltd., Belleville, Ontario, Canada. 1058 


Connection at spring shackle 
showing heavy copper tubing and 
resistance untt, typical of that 


Cutawa - : é 
weway ef ve at all other chassis bearings 


sistance unit 

which measures 

flow of oil at each 

bearing connec- 
tion 
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Consistently following 
the highest standards 
of alloy practice in pro- 
duction is an excellent 
reason for consistency 
in quality, and it is your 
assurance of uniformity 
in every pound of Inter- 
state Alloy Steel that 
Interstate makes for you 
INTERSTATE IRON & STEEL CO. | 


104 South Michigan Avenue 
CHICAGO 





Open Hearth Alloy Steel Ingots, 

Billets, Bars, Wire Rods, Wire, 

Nails, Cut Tacks, Iron Bars and 
Railroad Tie Plates 


Interstate — 
Alloy Steels 


District Offices: 
NEW YORK—5S2 Vanderbilt Avenue 
DETROIT —General Motors Building 
MILWAUKEE~—First Wisconsin Nat’! Bk. Bldg. 
ST. PAUL—Merchants National Bank Building 
ST. LOUIS—International Life Building 
KANSAS CITY—Reliance Building 
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in the crankcase. Determination of this factor was the 
chief object of the present investigation. After a careful 
study of the possible methods of making such a determina- 
tion, the apparatus decided upon was a modification of that 
used by Huebotter and Young and was designed to simulate 
engine conditions as closely as possible while admitting of 
reasonably accurate measurement of heat flow. The ap- 
paratus is described in the article and the various condi- 
tions of the five tests made on each of two types of alu- 
minum-alloy pistons are classified as (a) without oil on 
piston and without cooling air circulation, (6) with oil and 
without air, (c) with oil and minimum air-flow, (d) with 
oil and medium air-flow, and (e) with oil and maximum air- 
flow. 

Within the limited range of temperatures and with the 
two pistons used in the test, the following conclusions were 
reached: 


(1) Without any air-flow inside the pistons, between 
65 per cent and 68 per cent of the heat dis- 
sipated goes out through the ring belt and the 
other 32 to 35 per cent through the skirt. 


(2) Forced flow of fresh air over the inside of the 
piston resulted in a lowering of these figures 
from 35 per cent to 56 per cent at the ring belt 
and 4% per cent to 18 per cent at the skirt, de- 
pending on the rate of air flow. 

(3) Forced air-flow carried away from 27 per cent to 
55.5 per cent of the total heat dissipated from 
the ptstons, depending on the amount of air-flow 
and the design of the piston. 


(4) The presence of a film of oil on the cylinder-walls 
has no great effect on the relative amounts of 
heat dissipated through the ring belt and 
through the skirt. 


(5) The increase, due to air-flow, in the total amount 
of heat flowing through the pistons was from 
23 per cent to 53 per cent of the original 
amount, depending on the rate of air-flow. 


Further investigations with this apparatus are planned, 
with a view toward comparing pistons varying more widely 
in design, the authors state. 


Le “Carburateur Chimique” pour Tracteurs Agricoles. By 
A. Grebel. Published in Le Génie Civil, Aug. 17, p. 147; 
Aug. 24, 1929, p. 175. [E-1] 
The design of the Catalex carbureter according to modern 

principles of physico-chemistry is said to endow this car- 
bureter with unusual and important advantages. The de- 
vice described is intended for use on tractors or trucks in 
which gas oil is the fuel. The most important feature of 
the carbureter is a catalyzing chamber which consists of a 
number of tubes surrounded and heated by exhaust gas. 
The primary mixture, fuel with about 2 per cent of the air 
necessary for its final combustion, is drawn into these tubes 
in quantities varying with the power being developed. This 
rich fuel-air mixture, finely atomized, comes into contact 
with the heated walls, from which results the chemical reac- 
tions comprised in its first stage or preparation for com- 
bustion. 

In a second or mixing chamber the gas thus prepared is 
diffused in the remaining supply of air necessary to render 
it combustible. Either before or after this second stage of 
preparation, a cooling operation is introduced, so that the 
mixture shall not be at so high a temperature as to prevent 
full charging of the cylinders. 

Use of a chemical carbureter as described, it is claimed, 
will enable an internal-combustion engine to deliver at least 
as much power with gas oil as with gasoline, with lower 
fuel consumption. Better combustion in the cylinders, with 
less tendency to pre-ignition and detonation, is said to 
result from the fuel so prepared. 


(Continued on next left-hand page) 
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MOULDED SILENT TIMING 


GEARS OF 


FIBROC 


With the latest development in 
FIBROC Silent Gears, Automotive en- 
gineers may now secure all the advan- 
tages of using silent timing gears in the 
front end drive, and use them with con- 
fidence. This provides the lightest, most 
compact, simplest and most economical 
system of timing drive. 


With a FIBROC Silent Timing Gear 
there are no complicated parts—nor do 
they stretch. Timing remains positive 
and accurate during the life of the motor 
—initial installation costs are low and no 
further adjustments or attention are re- 
quired after proper installation. 


The method of laying up the rim 
laminations of FIBROC Moulded Gears 
gives each tooth exactly the same wearing 
qualities, and is an exclusive FIBROC 
feature. 

Fibroc may be had in sheets or in the 
form of moulded gear blanks to speci- 


fications—promptly and in any quan 
tity. Write for details. 


_ << a 


“Ys 
G77. 


FIBROC INSULATION COMPANY 


Licensed Bakelite Laminators Since 1922 


215 Lincoln Ave. 


VALPARAISO, INDIANA 
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This article describes a Catalex carbureter designed for a 
Fordson tractor and gives an account of researches into 
various phases of carburetion made in the Catalex labora- 
tories. The author also gives the results of bench and field 
tests on a Fordson engine. 


A Study of the Engines Exhibited at the Olympia Aero 
Show. By C. Fayette Taylor. Published in Aviation, 
Aug. 31, 1929, p. 456. [E-1] 
“A study of the engines at the Olympia Show leads one 

to the general opinion that American practice has exerted a 

profound influence on foreign airplane engine designs,” de- 

clares the author, who naturally examined the exhibits at 

Olympia with special reference to their similarities to or 

divergencies from American practice. 

Notable among the American features is the almost uni- 
versal adoption of the air-cooled cylinder with screwed-on 
aluminum head, which was originally a British development 
but which America has improved upon during the last few 
years. More truly American is the inclosed valve-gear for 
air-cooled engines, which the writer reports has been 
adopted by all the important foreign manufacturers of radial 
engines, other examples being the rocker-arm-box design 
and several versions of the N. A. C. A. cowling. 

In the water-cooled field many of the leading manufac- 
turers have adopted the cast-aluminum cylinder-block con- 
struction first developed by Curtiss, Professor Taylor re- 
ports, and, in respect to the general use of propeller re- 
duction gears on both air-cooled and.water-cooled engines, 
foreign practice seems to be ahead of American practice. 

The more interesting exhibits are described and a tabula- 
tion of the more important engines at the show, giving 
their principal characteristics, is appended. 


MATERIAL 


Fuel Vapor Pressures and the Relation of Vapor Pressure 
to the Preparation of Fuel for Combustion in Fuel-Injec- 
tion Engines. By William F. Joachim and A. M. Roth- 
rock. Report No. 321. Published by the National Ad- 
visory Committee for Aeronautics, City of Washington; 
13 pp., 16 figures. [G-1] 
This investigation on the vapor pressures of fuels was 

conducted at the Langley Memorial Aeronautical Labora- 
tory at Langley Field, Va., in connection with the general 
research on combustion in fuel-injection engines. The pur- 
pose was to study the effects of high temperatures, such as 
exist during the first stages of injection, on the vapor 
pressures of several fuels and certain fuel mixtures, and 
the relation of these vapor pressures to the preparation of 
the fuel for combustion in high-speed fuel-injection en- 
gines. 

It was found that the vapor pressures of the fuels in- 
creased rapidly at high temperatures, the rate of pressure 
increase becoming greater as the temperatures approached 
the critical value. Beyond the critical temperature the rate 
of pressure increase was constant except at one or more 
temperatures in the case of certain fuels and their vapors, 
in which temperatures chemical changes occurred. The 
chemical changes in some of the fuels were such that the 
cooling curves were noticeably different from those obtained 
during the heating periods. Permanent gases were gen- 
erated during the heating and cooling periods in the case of 
the alcohols, gasoline, kerosene, and Diesel-engine fuel-oil, 
so that the fuels removed from the bomb were materially 
different from those placed in it. The vapor pressures of 
the fuels differed from one another considerably, methyl al- 
cohol having the highest vapor pressure, 4370 lb. per sq. in., 
and Diesel-engine fuel-oil the lowest, 140 lb. per sq. in., for 
the maximum temperature investigated, approximately 850 
deg. fahr. 

The data for the vapor pressures of the fuels at high 
temperatures indicate the compression temperatures re- 


(Continued on second left-hand page) 
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dace | by Leading 
«Motor Car Builders 


{§ t= new Bishop& Babcock Motorstat has already 
been adopted by most of the leading manu- 
facturers* in the automotive industry. 


No other thermostat offers all these features 


1. Operation from closed to fully open position 
through very short range, giving accurate 
throttling and making possible average run- 
ning temperatures higher than in any usual 
type, with full open temperatures well below 
any possible boiling difficulties where alcohol 
mixtures are used. 

2. Large bearing trunnions of special composi- 
tion bronze giving unlimited wear. 

3. One-piece valve design eliminating riveting 
and soldering. 

4. Safety feature incorporated in all Bishop & 
Babcock Motorstats which places valve in 
open position in the event of a failure of the 
Bellows. 

An experienced and complete Engineering Depart- 

ment is at your service ready to discuss with you 

design ok production of Thermostatic Control 
for water cooling 

So eaygamme cp 
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systems. 





Fully covered by U.S. Patent 
1696410-1644533-1590922 
and other patents pending. 


The Bishop & Babcock Sales Co. 


CLEVELAND - OHIO - U.S.A. 


LAMBERT M. PAYNE (Michigan Representative) 
49 Selden Avenue, Detroit, Michigan 


"Names will be forwarded upon request. 
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quired to produce rapid vaporization of the injected fuel for 
combustion. 


A Study of Auto-Ignition Temperatures. By Henry James 
Masson and William F. Hamilton. Published in Indus- 
trial and Engineering Chemistry, June, 1929, p. 544. 

[G-1] 


The auto-ignition temperatures of a number of mixtures 
of pure substances and gasolines of known knock rating 
were measured. The mixtures selected represented a wide 
range of fuel characteristics and were chosen for their value 
in working toward the more complex mixtures represented 
by the gasolines. Three general types of curves showing 
the relationship between composition and auto-ignition tem- 
perature were obtained, one showing a minimum, another a 
maximum, and a third both a maximum and a minimum. 
Straight-run gasolines show a regular relationship between 
knock rating and auto-ignition temperature, the auto-igni- 
tion temperature changing toward an optimum with im- 
proved knock rating. Cracked gasolines do not show a dis- 
tinct relationship but give a characteristic curve. The effect 
of tetraethyl lead is to raise or lower the auto-ignition tem- 
perature toward the optimum. A working hypothesis to 
correlate auto-ignition temperatures and knock is advanced. 





Motor Fuels and Other Products from the Cracking of Wood 
Tars. By Jacque C. Morrell and Gustav Egloff. Pub- 
lished in Industrial and Engineering Chemistry, June, 
1929, p. 537. [G-1] 


Possibilities of the utilization of waste wood products, 
particularly tars from the destructive distillation of wood, 
by conversion into motor fuels and other products by the 
cracking process, are pointed out by means of data ob- 
tained by cracking three types of wood tar. These data in- 
dicate that, in general, the products obtained from pine tar 
are most suitable for solvents and paint thinners, that hard- 
wood tar may be utilized for the manufacture of low-boiling 
|tar acids and phenols, and that Douglas-fir tar produces a 
highly antiknock motor fuel. 





MISCELLANEOUS 


Les Machines a Equilibrer Dynamiquement les Piéces Tour- 
nantes. By G. Delanghe. Published in Le Génie Civil, July 
27, 1929, p. 83. [H-1] 


In a previous article the author described briefly the ma- 
chine and methods used by the Société Glaenzer in balancing 
dynamically the cardan shafts of its manufacture. Herein 
he presents a separate study of the principles of this ma- 
chine, of especial importance since on these principles are 
based most of the balancing machines in actual use today. 


The author’s first step is to analyze the forces of inertia 
developed in rotation around a fixed axis. He then develops 
the method for determining the size and location of the two 
masses added to assure dynamic balance. Finally, applying 
theory to practice, he deals more particularly with the 
Glaenzer machine and its use. 





Analysis of Grade Crossing Accidents. By H. L. Engel- 
hardt. Published in Railway Age, June 22, 1929, p. 1447. 
[H-4] 


In an effort to help solve the ever-important problem of 
highway-railway grade-crossing protection, the California 
|Railroad Commission has made a statistical analysis of its 
grade-crossing accident records for the last three years. 


The investigation discloses a number of vital factors. 
The most obvious fact disclosed in any investigation of 
accidents at grade crossings, the report declares, is the 
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PARTIAL LIST: 
of PRODUCTS 


Marshall Springs for Automobile Seats 
and Backs 

Marshall Springs for Furniture 

Marshall Spring Strips 

Luxury Burlap Springs for Automobile 
Seats and Backs 

Luxury Burlap Spring Matts for Furni- 
ture 

Upholstery Springs Loose, Upholstery 
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Spring Strips 
Upholstery Spring Constructions, Chair 


Cushions, Bus Cushions, Boat Cushions 


Springs and Wire Forms 
Extension Battery Box Clips 
Compression Glazing Clips 
Torsion Tire Cover 
Hot Coiled : 


Window Regu- 





Valves lator 

Clutch Chair Springs Cc ORP ORA TION 

Brake Musical Instru- 

Starter veered 

Anti Rater Door Hinges RODUCTION schedules delayed 

Transmission Locks é ‘ e 

Shock Absorber _Pail Bails through the failure in arrival 

Carburetor Can Handles ‘ 1 

Generator Addressing Ma- of essential items often spell the 

Hook Lock chines. difference between a profit and a 

Lamp Toy Guns 

Lacing Needles Drag Link loss. ii 
Wire Products The reputation of this company for 


Refrigerator Racks 

Oven Racks 

Welded Steel Wire Fan Motor Guards 
Electric Light Fixture Guards 
Special Wire Baskets 


prompt, efficient service, with deliv- 
eries always on the dot, has been 
built up through a period of years and 
is made possible by the finest manu- 
facturing facilities in the industry. 














Send us your blue prints or specifica- 
tions for a quotation. 


L. A. YOUNG SPRING & 
WIRE CORPORATION 
9200 Russell Street 
DETROIT, MICHIGAN 





Main Office and Plant at 
Detroit, Mich. 






Plant: Also at : : e 
Windsor, Ont. Oaklicd, Cal. Hee Re ee 
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dow Anti-Rattler 


Make full use of ATTWOOD Automo- 
tive Hardware, and our special service to 
your specific requirements. 


Choose your hardware as carefully as you do 
other parts or materials which enter into the 
construction of your product. 


Operators too insist on “ATTWOOD” for 
replacement needs. Same-day shipments 
out of warehouse stocks on a complete line. 
A few items are: 
Baggage Racks, Ladders, Tubes and 
Rods; Hood Fasteners; Curtain and 
Drape Brackets; Handles of all 
Kinds; Windshield Fixtures, ete. 


Write for Catalog No. 17 


Prices and Discounts 


TTWOOD 
aN DWARE 














[1 We are snterested im «+++ °°" 
‘catalog No. li. 


No. B-106 Bus Win- 





No. 449 Outside Doo: 
Handle 


..- Look to “ATTWOOD” 


for Greater Satisfaction ... 
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steady increase from year to year in their number and in 
the number of persons killed and injured. 

Statistics for 1928, however, indicate an improved con- 
dition insofar as the casualties are concerned, and a sim- 
ilar reduction in injuries. Complete figures for the 16-year 
period from 1913 to 1928 show that the relative increase 
in automobile registrations has been considerably greater 
than the increase in casualties. A table of the number 
of casualties per unit of 10,000 cars shows a uniform de- 
cline during the six years subsequert to 1913, until it 
reached the figure of 5.6 casualties per 10,000 automobiles 
registered. Since 1918 no striking decrease in the casualty 
rate is shown. 

The Commission’s investigation was conducted in ac- 
cordance with a predetermined plan of classification so as 
to obtain the greatest possible amount of relevant informa- 
tion. For instance, accidents were classified as to the class 
of highway; distinction between head-end, rear-end, and 
side collisions; type of protection at crossings; hour of day; 
visibility of approaching trains; and the nature of the 
accident. 

Of interest are the facts that 70 per cent of all grade- 
crossing accidents occurred during daylight hours; 72 per 
cent of those reported in 1928 occurred within incorpor- 
ated cities of a population not less than 2500 persons; and, 
while the number of accidents at unobstructed crossings 
outnumbered those at which the view of the crossing was 
obstructed, it must be remembered that by far the greater 
number of crossings in the State are unobstructed. How- 
ever, the number of casualties was only 56 per cent as 
great at crossings where the view was obstructed, indicat- 
ing a greater traffic speed on highways where the view 
of the crossing is unobstructed. 


PASSENGER CAR 


Indianapolis Rules Will Develop Freak Racing Cars Instead 


of Attracting Stock Models. By Frederick E. Moskovics, 


as told to James W. Cottrell. Published in Automotive 
Industries, July 27, 1929, p. 122. [L-1] 


“Rules for the 1930 Indianapolis race, instead of foster- 
ing modification of stock designs, will bring about a devel- 
opment of freak cars, which I believe will cost more, run 
faster and depart further from stock design than the 91-in. 
jobs.” In these words Mr. Moskovics summed up his at- 
titude toward the new racing rules. He followed up his 
criticism with constructive suggestions for confining the 
entries to “modified” stock cars and placing limitations on 
the fuel and oil capacity similar to those imposed abroad. 

This article initiated an interesting controversy and has 
been followed by an answer from Capt. E. V. Rickenbacker 
in the Aug. 3, 1929, issue of Automotive Industries; one 
from Val Haresnape, secretary of the Contest Board of the 
American Automobile Association, in the Aug. 31, 1929, 
issue; and a summary article in the Sept. 14, 1929, issue 
giving the opinions of a number of automotive authorities. 


TRACTOR 


Tractor Field Book, 1929. Published by the Farm Imple- 
ment News Co., Chicago; 198 pp. [M-3] 
The 1929 edition of this useful compilation of power- 

farm-equipment specifications is now available. In addition, 
the results of the Nebraska Tractor Tests are reprinted and 
indexed and numerous other data are included, such as 
tractor spark-plug and piston-ring sizes, tractor pulley sizes 
and revolutions per minute, equipment and accessory data, 
figures on tractor production from 1909 to 1928, and classi- 
fied directories of parts, materials, and the manufacturers of 
equipment. 
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A GIANT’S HANDS { 


™ 
S, AND in the Budd plant and watch one of the great 
stamping machines form a heavy sheet of steel into 
an intricate shape with a single, 1000-ton-blow — 
you'll think of a giant’s fist. But study the beauty 
of a finished All-Steel Body — you'll feel its lines 
must have been modeled by an artist’s fingers. 
Actually, Budd found a way years ago to give to 
the giant hands of stamping machines the delicate 
touch of an artist. And in so doing, Budd gave to 
the coach-making world one more revolutionary idea. 
When the All-Steel Body was first placed in pro- 
duction, Budd found that the old-style dies could 
not be used. The stampings were too big. 


So Budd discarded the old method and invented 
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a new one. The result was a type of die which will 
form the largest, most intricate stamping ever at- 
tempted. In the Budd plant, you will find the largest 
die in the world. 

The development of these new dies is only one 
chapter in Budd’s remarkable history— only one 
small siep in the production of Budd Bodies. Today, 
Budd has facilities, in Europe as well as in America, 
for making every type of coachwork, with speed, 
with precision — and with an artist’s eye for beauty. 

E. G. Budd Manufacturing Company, Philadelphia 
and Detroit. Affiliated with: The Pressed Steel Com- 
pany of Great Britain; and Ambi-Budd Presswerke 


of Germany. 


BUDD BODIES 


BUDD IS THE ONLY BODY-BUILDER IN THE WORLD 
EQUIPPED TO BUILD ANY TYPE OF BODY 
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CRAFTSMANSHIP 


A characteristic of the beaver and also of the skill- 
Jul workmen who manufacture the products of 
The Garlock Packing Company, Palmyra, N.Y. 


ELLING good-sized trees with theis 

chisel shaped teeth, little beavers con- 

struct dams across streams with al- 
most superhuman intelligence. After mak- 
ing their own ‘‘beaver pond” by backing up 
the water, they carefully select sticks, 
stones and mud with which to build their 
lodges at the edge of the pond. When com- 
pleted, these ‘‘houses” are sufficiently 
strong and durable to withstand all the 
natural hazards of the locality in which 
they are situated. The entrances are un- 
der water—unseen and fully protected. 





The mechanical ingenuity of the engin- 
eers and skilled workmen who build Qual- 
ity Controlled Packings isnot unlike the in- 
herent craftsmanship of the beaver. Gar- 
lock trained craftsmen select all their 
crude materials with the greatest care by 
subjecting them to the most rigid labora- 
tory tests. The basic quality of Garlock 
Packings is thus insured before the ingre- 
dients enter manufacture . . . and when 
completed the finished packings will give 
complete satisfaction on the intended in- 
stallation as they are of a design and 
structure to meet its requirements. 


6) Ga ND | 





November, 1929 


Personal Notes of the Members 


(Continued from p. 563) 








'for incorporating in the design of transmission gears a 
principle for making them quiet in operation that seems 
so sound and obvious that hundreds of younger engineers 
who have tried to solve the problem of quiet gear operation 
are likely to ask themselves. Why didn’t I think of that? 

Briefly, the principle employed by Mr. Thomas is the 
| interference of sound waves, or the damping of waves of 
|one pitch or length by waves of a different pitch. The 
practical application of this principle resulted in the design- 
| ing of a set of transmission gears of the herringbone type 
| in which the teeth in one-half of each gear have a different 
| pitch than the teeth in the other half. In operation, the 
two. halves of the gears set up sound vibrations of a dif- 
ferent pitch, which, to a large extent, neutralize or damp 
| out each other. 

This gear was invented by Mr. Thomas and was applied 
and developed in an automobile transmission by John 
Bethune and other engineers of the Reo Motor Car Co. 
The successful application of the principle to driving gears 
has been acclaimed by other qualified engineers in the in- 
dustry as a noteworthy achievement. 

Mr. Thomas’s connection with the automobile industry 
dates back to the earliest days of the motor-vehicle, as he 
was. associated with the Electric Vehicle Co., of Hartford, 
Conn., for about six months and joined the Olds Motor 
Works in 1901, when the famous little curved-dash Olds 
runabout driven by a single-cylinder horizontal engine un- 
der the body was a noteworthy production that gained wide 
popularity. After the sale of the Olds Motor Works in 
1904 and the organization of the Reo Motor Car Co. by 
R. E. Olds, Mr. Thomas transferred his activities to the 
| latter company, with which he is now chief engineer. 

Although he has been identified with the automobile 
industry almost from its inception in this Country, Mr. 
Thomas is only 55 years of age, having been born in 1873 
at Newbury, Vt., which perhaps accounts for his native 
mechanical ingenuity. Prior to being graduated from 
Michigan State College with the degree of Bachelor of 
| Science in Mechanical Engineering, in 1901, he had spent 
| about eight years as a machinist and draftsman. 

Mr. Thomas has been a Member of the Society since 
January, 1911, when he was elected to Member grade. He 
is also a member of the Detroit Section. 





McGeorge Located in Cleveland 


John McGeorge, until recently a consulting engineer in 
Los Angeles, has annouhced the establishment of head- 
quarters at Cleveland, where he will become identified 
with Ernest McGeorge, Inc., a firm of engineers and archi- 
| tects. 
| Mr. McGeorge was born in England and attended school 
'there. He served several British engineering firms in 
various executive capacities before coming to America to 
accept the position of chief engineer for the Pittsburgh 
Iron & Steel Engineering Co. He subsequently became 
vice-president of the Cleveland Engineering Co. and chief 
|engineer of the Cleveland Motor Truck Mfg. Co. In 1913 
'he severed the latter connection to establish himself as a 
consulting engineer. There followed affiliations in a con- 
sulting capacity with the Ohio Blower Co., at Cleveland; 
the Oakland Motor Car Co., of Pontiac; and the McCann 
Harrison Corp., in Cleveland. In 1928 he opened offices in 
Los Angeles as a consultant in engineering. 

Mr. McGeorge has been a Member of the Society for 19 
years, having joined in 1910. He has at various times held 
| Section membership in Cleveland, Detroit and Southern 
| California. He is the author of an instructive paper on 
the Preparation of Surfaces for Nitrocellulose Finish, which 
was published in the August, 1925, issue of THE JOURNAL. 
| He has been a member of the American Society of Mechan- 
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LOOK UP! THERE IT GOES! 


ead- es roaring like hungry animals. . . streaking through the air like 


r in 


ified . a silver bullet .. . dipping and lifting with the wind, a champion tear- 
‘chi- ing his way down the Air Lanes toward the goal . . . and Victory. 

In the Air Races, records are made only by those who deserve to win... by 
hool : : . 
" those who can co-ordinate mind and muscle . .. by motors and ships tuned up 
- for the strain... by correctly tempered bodies and correctly tempered materials. 





irgh Cleveland Wire Springs are the record holders in their field of industry . . . 


— records for endurance, for ability to withstand the cruelest punishment, for 


hief a : 
913 erfect service in any emergency. No wonder, since they are correctly tempered 


3 6 * an exclusive heat-treating process and special machinery with an accuracy 
sali unequalled anywhere else in the world. 

nd; Also manufacturers of Steel Shop Barrels, Steel Shelving, 

ann Tote Boxes, Steel Tools, Steel Waste Cans, and Specialties. 

‘S THE CLEVELAND WIRE SPRING COMPANY 

- 19 Main Office and Factory: CLEVELAND, Ohio - Branch: DETROIT, Garfield Building 


:| CLEVELAND 
FLAT SPRINGS 


an: COILED AND 
Wire Forms of All Kinds 
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High in Quality 
and Performance 


There are many 
ways of selling merchan- 
dise, but only one way to 
keep that merchandise 
Satisfy the customer. 


sold. 


Mechanical performance of any car 
today is taken for granted by the motor- 
ist. He expects his car to perform 
smoothly—noiselessly. If any single part 
fails to function to perfection—the effect 
of years of good will building may be 
completely nullified. ; 














Friction must go. And because 
Aetna Thrust Ball Bearings elimi- 
nate friction, they are serving 
in millions of motor cars on 
the road today. 
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ical Engineers since 1890 and also belongs to the Cleve. 
land Engineering Society. 

S. B. R. Taylor, a former student at Yale University, has 
entered the service of the Bell Telephone Co. of Pennsy]l- 
vania, in Philadelphia, as a student engineer. 

Jack C. Adler, a former student of automotive engineer. 
ing at the University of Michigan, has taken up duties as 
junior engineer with the Frigidaire Corp., of Dayton, Ohio, 

John F. Alcure, First Lieutenant, Q. M. C., now chief in- 
spector of the Normoyle Motor Transport Depot, was re- 
cently promoted from his position as instructor at the Hola- 
bird Depot of the Army, at Baltimore. 

Carroll R. Alden, formerly chief engineer and sales man- 
ager of the Ex-Cell-O Tool Mfg. Co., of Detroit, has now 
been made research engineer for the Ex-Cello-O Aircraft & 
Tool Corp., also of Detroit. 

Gould Allen, who was a sales representative for the 
Brown-Lipe Gear Co., in Detroit, has severed his connection 
with that company to become sales manager for the Chassis 
Lubricating Co., at Rahway, N. J. 

George P. Anderson, until recently director of sales en- 
gineering for the Dodge Brothers Corp., of Detroit, has been 
made director of sales engineering for the Chrysler Corp., 
also of Detroit. 

George M. Bailey recently gave up his position as branch 
manager for the Mack-International Motor Truck Corp., at 
Indianapolis, to enter the independent field as president and 
manager of Geo. M. Bailey, Inc., as sales depot for Mack 
and Diamond trucks, at Indianapolis. 

William L. Baldwin, who was connected with the Durant 
Motor Co., of Elizabeth, N. J., in the capacity of drafts- 
man, has entered the employment of the Fairchild Airplane 
Co., of Farmingdale, L. I., N. Y., as a draftsman. 

William F. Barrett, the former president of Prest-O-Lite 
Co., Ine., of New York, has been made vice-president of the 
Union Carbide & Carbon Corp., of New York City. 

Lieut. R. S. Barnaby (CC), U. S. N., is now head of the 
specification section of the Bureau of Aeronautics, Navy 
Department. His former post was as assistant general in- 
spector of naval aircraft, Central District, Wright Field, 
Dayton, Ohio. 

Louis E. Bauer, former president of the Indian Motor- 
cycle Co., of Springfield, Mass., has relinquished all active 
connections for the present. 

A. E. Becker, who has been in charge of the lubrication 
laboratories of the Standard Oil Development Co., of Eliza- 
beth, N. J., has assumed charge of the fuel and lubrication 
section of the research laboratories of that company. 

William E. Bihl has resigned as vice-president and chief 
engineer of the Iron Mountain Co., of Chicago, to become 
chief engineer and works manager of the Zerozone Corp., 
also of Chicago. 

H. Don Bishner, a former student at the General Motors 
Institute of Technology, has been appointed service pro- 
motion representative by the Olds Motor Works, of Lansing, 
Mich. His headquarters will be in Oklahoma City. 

Carl I. Bloomquist, former student of the University of 
Michigan, has been engaged as a junior engineer with the 
Frigidaire Corp., of Dayton, Ohio. 

Ferdinand A. Bower, who has been serving the Buick Mo- 
tor Co., of Flint, Mich., in the capacity of assistant chief 
engineer, has been promoted to the post of chief engineer 
with that company. 

W. B. Brister, until recently transportation engineer for 
the White Co., in Long Island City, N. Y., has joined the 
Relay Motors Corp., also of Long Island City, in a similar 
capacity. 

Frederick A. Brooks, until lately associated with the 
Metropolitan Development Syndicate, of Hollywood, Cal., 
has entered upon his new duties as chief engineer of the 
Apache Motor Corp., at Van Nuys, Cal. 


(Continued on third left-hand page) 
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hel Modern practices in the motor car industry are built 
nsyl- around new motors and shifting models. Production 
neer- schedules ebb and flow, the market is uncertain, and 


Mie changes mean millions in machinery and time. To 


f in- avoid this risk today, many manufacturers buy a 
$s Tre- 


Tola- few fine parts and join them with their own in 
=| skillfully making a motor car. These men have 
ni found that Continental, with its specialized 
facilities, builds motors to fit every regular 
a | and special need and so lower their invest- 
assis | ment in plant and equipment by millions. 
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an CONTINENTAL MOTORS CORPORATION 


Orp., Offices: Detroit, Mich., U. S. A. 

Factories: Detroit and Muskegon 
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A train rushes through the night. A 
short distance ahead the tracks curve 
around a precipitous embankment. 
What’s beyond that turn? Suppose the 
preceding train has stopped on that 
curve—just out of sight. 


There are no suppositions in the 
engineer’s mind. He knows the way is 
clear beyond his vision. For lights 
have told him so—unfailing signal 
lights, supplied by Exide Batteries. 


The dependability that railroad men 
demand of a battery is built into the 
Exide Starting and Lighting Battery. 
The 41 years’ experience gained in 
building storage batteries for every 
purpose is embodied in their con- 
struction. There are many reasons why 
the automotive engineer desiring com- 
plete satisfaction should specify— 


Exide 


BATTERIES 
The Electric Storage Battery Co. 





Philadelphia 


Exide Batteries of Canada, Limited, Toronto 
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Neil Ernest Brooks is now acting in the capacity of chief 
draftsman in charge of industrial work for the Continental 
Motors Corp., of Detroit. His previous connection with this 
company was as assistant to the industrial engineer. 

Kenneth C. Brown, until lately head of the receivership 
department for the Chicago Title & Trust Co., of Chicago, 
has been promoted to the post of assistant trust officer with 
that company. 

Lowell H. Brown, president of the Belflex Corp., has also 
been made president of the Aircraft Improvement Corp. 
The headquarters of both companies are in New York City. 

C. J. Brukner, former president and general manager of 
the Advance Aircraft Co., of Troy, Ohio, is now president 
of the Waco Aircraft Co., of the same city. 

John W. Brussel, who has been connected with the Tim- 
ken-Detroit Axle Co., of Detroit, in the capacity of assistant 
| factory manager, has been promoted to the post of factory 
manager. 

Eugene L. Buckman, a former student employe of the 
Fisher Body Corp., at Detroit, has resumed his studies at 
the University of Detroit. 

Robert W. Budd was recently elected vice-president and 
general manager of the Northland Greyhound Lines, Inc., of 
Minneapolis, Minn. His former position was that of man- 
ager of operations with that company. 

Donald J. Bullock, whose former post was that of re- 
search engineer in the A C Spark Plug Co., of Flint, Mich., 
has accepted a position with Gazley & Lasha, consulting en- 
gineers, in the city of Washington. 

Albin J. Burkman, a former student at the General Mo- 
tors Institute of Technology, has entered the employment 
of the Buick Motor Car Co., at Flint, Mich. 

Charles L. Burns is now assistant to the vice-president of 
the Pratt & Whitney Aircraft Co., of Hartford, Conn. His 
previous connection with the company was in the capacity 
of engineer and assistant to the factory manager. 

Robert Henri Campbell is now foreman with the Packard 
Motor Car Co. of Boston. His previous connection was as 
superintendent of service for the Locomobile Co. of Boston. 

Alban F. Carlson, former assistant body engineer with 
the Pierce-Arrow Motor Car Co., of Buffalo, has been pro- 
moted to the post of chief draftsman. 

Harry R. Carr has severed his connection with T. J. 
Wortindyke, Inc., of Westwood, N. J., for which he was 
manager, and entered into business as partner in charge 
of Carr & Carr, operating a sales and service station at 
Westwood, N. J. 

Announcement has been made that Walter Carver, for- 
merly head of the department in the sales section of Gen- 
eral Motors Corp., has been advanced to the staff of the 
president of General Motors Export Co. His headquarters 
will be in London. He expects to be working in Russia. 

Harold W. Case is now located at Wright Field, Dayton, 
Ohio, where he is alffiiated with the airplane branch of the 
Material Division of the Army Air Corps. 

Isaac Char has resigned as gas-engine designer with the 
Autocar Co., of Ardmore, Pa., to take up the duties of drafts- 
man with the Westinghouse Electric & Mfg. Co., at Lester, 
Pa. He will be identified with the internal-combustion- 
engine division of the company. 

Harold E. Clark, former president and treasurer of the 
firm of Harold E. Clark, Inc., Saddle River, N. J., was re- 
cently appointed secretary in charge of sales and production 
of Harris Interior Arts, Inc., of New York City. 

James R. Clarke, Jr., has been promoted from statistician 
to security analyst with the Du Bosque DeWitt Co., of New 
York City. 

H. Harrison Cole recently announced a change in affilia- 
tion. Formerly chief inspector of the Hall Aluminum 


| Aircraft Corp., of Buffalo, he is now acting in a similar 
capacity in the inspection results division of the Western 


Electric Co., at Kearney, N. J. 


(Continued on next left-hand page) 
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and reliability the world over 
on passenger car, truck and 
bus wheels. 

Specify Firestone Rims far 
wood, wire, disc, spoke and cast 
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Se» Perfection in a pencil means 
adaptability to the purpose 
Fa = forwhichitis made. VENUS, 
j pre-eminently an engineer’s 
$2 -@ pencil, fulfills the most 

». exacting requirements of the 

y, »4\ most exacting of professions. 

' 

& 


VENUS leads, the smoothest 
- and strongest obtainable, are 
unvaryingly true to their 
~  ghade of black which is the 
world’s standard. 
17 shades of black—3 indelible 
AMERICAN PENCIL CO., 532 Venus Bldg., Hoboken,N.J. 


SIMPLICITY 


The latest type WHITNEY Silent Timing 
Chain is simplicity itself. 


Only three different parts are required in 
the manufacture of this chain: 








the sprocket tooth 
internal engaging 
link, 


























the guide link, 














and the hollow 


shock absorbing 
split pin. 

















The patented method of link and sprocket 
tooth engagement in combination with the 
spring action of the rotating hollow split 
pin is responsible for the quiet, smooth 
running, wear-resisting action of this chain. 


























THE WHITNEY MFG. CO. 


Hartford, Conn. 

















JOURNAL November, 1929 


| 
| 


| Personal Notes of the Members 


Continued 





B. W. Cooke, formerly identified with the Chicago Motor 
Training Corp., as president and directing engineer, now 
has a similar post with the Motor Institute of America, of 
Evanston, III. ‘ 


F. Harrison Cole, formerly of the inspection results di- 
vision of the Western Electric Co., in Kearny, N. J., has 


| been transferred to the inspection control department of 


that company. 

Raymond J. Cox, who has been working as a designer 
for the Keystone Aircraft Corp., of Bristol, Pa., has re- 
turned to New York University, where he is pursuing his 


| studies as a graduate student. 


Ralph W. Crary is now sales manager of the Bastian 


| Blessing Co., of Chicago. He was previously president and 


| general manager of Nite-Eyes, Inc., also of Chicago. 


Charles Healy Day, former vice-president and chief en- 
| gineer of the Gates-Day Aircraft Corp., of Paterson, N. J., 
was recently appointed vice-president of the New Standard 
Aircraft Corp., of the same city. 

Adiel Y. Dodge, who until recently was president of the 
A. Y. Dodge Co., of South Bend, Ind., has joined the Ben- 
dix Aviation Corp., of the same city, as consulting en- 
gineer. 

H. B. Dunn has relinquished his position of assistant 
foreman of the automobile repair department of the Ottawa 
Car Mfg. Co., of Ottawa, Canada, to join the Nash Kingston 
Motors, Ltd., of Kingston, Ont., Canada, as service man- 
| ager. 

Raymond E. Dunn, formerly layout draftsman for the 
Chevrolet Motor Co., in Detroit, has enrolled as a student 
| in the College of Mechanical Engineering of the University 
of Illinois, at Champaign, III. 

Kenneth R. Dye, who recently gave up his position as as- 
sistant engineer of the motorcoach division of the Murray 
Corp. of America, in Detroit, has become connected with 
the motorcoach body designing department of the Dodge 
Brothers division of the Chrysler Corp., also of Detroit. 

Jean D’You, formerly manager with the Aelium Co., of 
Los Angeles, has been advanced to the post of president and 
general manager. 
| Francis G. Ebel is now acting in the capacity of junior 
engineer at the Navy Yard, in the City of Washington. 
Previous to making this connection he studied at Purdue 
University. 

U. Séth Eberhardt, who was superintendent and works 
manager of the Newark Gear Cutting Machine Co., of New- 
ark, N. J., has been made assistant treasurer and works 
manager of that company. 

Frank A. Ellis is now supervisor of field service for the 
| Chrysler Corp. of Canada, Ltd., at Windsor, Ontario. His 
previous connection was with Dodge Bros., Ltd., of Canada. 

Frithiof G. Ericson, who now holds the office of president 
of Airport Lighting, Inc., of New York City, was formerly 
managing director of Ericson Aircraft, Ltd., at Toronto, 
Canada. 

Paul J. Ernst, now associated with the Graybar Electric 
| Co., in New York City, was formerly design engineer for 
| the International Motor Co., at New Brunswick, N. J. 

Anton Glore Ertl has been transferred from the Graham 
Brothers Truck Co., of Detroit, where he was in charge of 
the experimental laboratory, to the experimental laboratory 
of the Dodge Brothers division of Chrysler Motors. 

Duncan P. Forbes, former vice-president of the Rockford 
Northwestern Malleable Corp., of Rockford, IIll., has’ been 
made president of the Gunite Corp., also of Rockford. 

Mortimer Frankel has severed his connection with the 
Roller Smith Co., of Chicago, as western sales manager and 
is now president of the Audiola Radio Co., also of Chicago. 

Announcement has been made that Thomas Calder 
Fraser, former assistant motor-vehicle superintendent of 
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The Silver Toned 


WARNING SIGNAL 


THE VOICE OF THE MODERN MOTOR CAR 


ACTUAL SIZE OF DIAPHRAGM 


his small yet power- 
ful warning signal 
can be inserted artisti- 
cally wherever you de- 
sire in the design of 
your car—out in front 
where the warning sig- 
nal belongs. 


PATENTED 
PAT. NO. 1669827 
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Hardness 
Tests 
Without 


Damage 


in making hardness tests 
with Shore’s Portable D 
Scleroscope, the inevitable 
permanent deformation is 
microscopic and in no way 
damages the salability of 
the product. 


Used in testing hardest 
or softest metals, on 
pieces of any shape, size 
or thickness—capacity for 
1000 tests per hour makes 
Shore’s ew Model D 
Portable Scleroscope prac- 
tical for testing parts in 
production manufactur- 
ing. 




















Easil operated, 
portable, efficient. 


ow 


Send for Bulletin 30 
for details of this hard- 
ness testing method 

: and of the Shore's 
oun Scleroscope. 






The Shore Instrument & Mfg. Company 


Van Wyck Ave., and Carll St., JAMAICA, N. Y. 
FOREIGN AGENTS: 
on for British Empire, Coats Machine Tool Company, Ltd., 14 Palmer 8t., 
estminster, London, 


° 8. W. Yamatake & Co., Tokyo, Japan. Aux Forges de 
Vuleain, Paris, France. R. 8. Stokvis & Zonen, Léd., Belgium and Holland. 









A complete line 
for Motor Buses, 
Tractors and 
Trailers 


FRONT AXLES ONLY 
SHULER AXLE COMPANY 


Incorporated 
Louisville Kentucky 
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the Standard Oil Co. of New Jersey, at Baltimore, has been 
transferred to Philadelphia. 

Robert E. Fries, the former sales manager of the Colum- 
bia Axle Co., of Cleveland, has been elected vice-president of 
that company. 

D. Edwin Gamble, until recently chief engineer for the 
Borg & Beck Co., of Chicago, has been appointed general 
manager of the company. 

A. G. Geistert has been transferred from the Chevrolet 
Motor Co., of Detroit, to the plant of Adam Opel, A. G., 
Russelheim on Main, Germany. His post is that of assistant 
chief engineer. 

R. O. Gill, former vice-president of the Sheet Steel Prod- 
ucts Co., of Detroit, has entered the independent field as an 
industrial property manager and consultant, with offices in 
Detroit. 

Phillip P. Glick, who was service department manager for 
the Moon Motor Car Co., of St. Louis, recently became 
identified with the Gardner Motor Co., of that city, as pro- 
duction supervisor. 

Andrew J. Graf, who recently left the United States 
Motor Truck Co., of Covington, Ky., has assumed the duties 
of checker for the Cincinnati Milling Machine Co., in 
Cincinnati. 

Laurence J. Grunder, previously connected with the 
Hughes Tool Co. research laboratories, at Hollywood, Cal., 
is now research fellow in lubrication at State College, Pa. 

Hugo H. Gustafson, lately in charge of engineering work 
for the Harvey Motor Truck Works, of Harvey, IIl., has 
joined the Acme Steel Co., of Chicago, as machine designer. 

Nelson R. Haas, former chief engineer of the Grolan Mfg. 
Co., of Dayton, Ohio, has founded the Haas Engineering 
Laboratories, of the same place, and now is engaged in re- 
search and engineering work. 

C. L. Halladay, having resigned his position as secretary- 
treasurer of the Saginaw Sheet Metal Parts Corp., of Sagi- 
naw, Mich., recently became vice-president of the Jackson 
Motor Shaft Co., of Jackson, Mich. 

Ernest E. Hamilton has been advanced from the position 
of mechanical draftsman with the Fisher Body Corp. of 
Detroit, to the post of head draftsman. 

Mason D. Hanes resigned recently as chief draftsman 
with the Johnson Motor Products, Inc., of New York City, 
and is now a research student at the Massachusetts In- 
stitute of Technology. 

John L. Harkness, who held the post of assistant produc- 
tion manager of the Sikorsky Mfg. Corp., of College Point, 
N. Y., was recently appointed executive engineer of that 
company. 

Sezo S. Hatashita, formerly a designing engineer with the 
Reo Motor Car Co., of Lansing, Mich., has been promoted 
to the post of experimental engineer with that company. 

Henry J. Helfrich has been advanced to the position of 
chassis experimental engineer with the Pierce-Arrow Mo- 
tor Car Co., of Buffalo. His connection with the company 
until recently was that of assistant experimental engineer. 

J. Russell Hemeon has resigned his position as engineer 
in charge of the fabric disc-joint division of the Spicer Mfg. 
Corp., in Toledo, to join the engineering department of the 
Thermoid Rubber Co., of Trenton, N. J. 

Knut Henrichsen, who was an engineer in the structure 
department of the Curtiss Aeroplane & Motor Co., at Gar- 
den City, N. Y., recently assumed his new duties as assistant 
chief designer for that company. 

Hans Hierta is now engaged as a designer for the Packard 
Motor Car Co., of Detroit. Previous to making this connec- 
tion he was a draftsman with the Lincoln Motor Co., in 
Dearborn, Mich. 

Announcement has been made of the appointment of J. W. 
Hobbs as factory manager of the Galesburg Coulter-Disc 
Co., of Galesburg, Ill. Previous to the sale of the business 
of the A. O. Norton, Inc., Moline, IIl., he was vice-president 
and general manager of that company. 


(Continued on next left-hand page) 
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MODINE MANUFACTURING CO., Racine, Wisconsin 
Modine Representatives: 
F. SOMERS PETERSON, 57 California St., San Francisco, Calif. 
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take advantage of our special engineering 


resources ? 


Competent Technicians 


Practical S pringmakers 


Sample S pring Dept. 
(Fully Equipped ) 
Testing Laboratories 
(Chemical and Physical) 


THE WALLACE BARNES CO. 


BRISTOL CONN. 


arnes-made Spri 


ASSEMBLIES 


STAMPINGS SPRING WASHERS 





chromium plating? 


ngs 


SCREW MACHINE PARTS 
COLD ROLLED SPRING STEEL 


N a certain shop making automobile head- 


lights and radiator shells, difficulty 


was 


experienced in getting a satisfactory chromium 


finish. The nickel peeled. 
through spotty in appearance. 
of work had to be done over. 


The chromium came 
A great deal 


The trouble was traced to inferior cleaning and 


the nearby Oakite 
Following his recommendations, 
Oakite materials of the 
made up in the regular cleaning vats. 
day’s work was run through. 
**100%”’. 

completely 
of peeling. 
obtained. 


Results 


removed; 


A perfect chromium finish 


Service Man was called in. 
a solution of 
proper strength was 
Then a 
were 
3uffing and polishing compound was 
not a piece showed signs 
was 


Our Service Man in your locality can help you 
in solving similar problems or in reducing the 


cost of your routine production cleaning. 
drop us a line and he will call. 


Oakite Service Men, cleaning specialists, are 


located in the leading industrial centers of 
the United States and Canada 


Manufactured only by 
OAKITE PRODUCTS, INC., 


Just 
No obligation. 


50D Thames St.,. NEW YORK 
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Personal Notes of the Members 


Continued 





Helmut Hoernes has assumed the post of layout drafts- 


|man with the International Combustion Engineering Corp., 


of New York City. Until recently he held a similar post 
with the Bijur Lubricating Corp., also of New York City. 

Gustav O. Hoglund, until recently assistant professor of 
aeronautical engineering at the University of Minnesota, at 
Minneapolis, has joined the sales staff of the Aluminum 
Co. of America, at New Kensington, Pa. 

Evert C. Hokanson, a former student at the University 
of Michigan, has been employed as chief draftsman by the 
Crosley Aircraft Co., of Cincinnati. 

H. G. Holmes, who has been chief engineer of the Novo 


| Engine Co., of Lansing, Mich., now occupies the post of con- 


sulting engineer in the sales department of that company. 

Thomas Hopkins, whose connection with the General Mo- 
tors of Canada, at Oshawa, Ont., Canada, was that of fore- 
man of the inspection division, has been transferred to 
Regina, Saskatchewan, Canada, and was promoted to the 
post of assistant superintendent of inspection. 

Cecil Robert Hubbard, who is with the Garlock Packing 
Co., of Palmyra, N. Y., was recently raised to the office of 
vice-president in charge of production. His previous duties 
with the company were those of production manager. 

Harry F. Huf, whose former post with the Atlantic Re- 
fining Co., of Philadelphia, was that of research chemist in 
charge of the automotive laboratory, has been made senior 


| engineer in charge of the laboratory. 


Albert E. Hutt is now serving the Vacuum Oil Co., of 
New York City, as equipment engineer. His former con- 
nection was with the North Shore Bus Co., of Flushing, 
N. Y., as general manager. 

Lowell A. Kintagh, a former student of Purdue Uni- 
versity, has recently accepted a position as test engineer 
with the General Motors Corp. Research Laboratories, at 
Detroit. 

Walter H. Kniskern, who is now director of operations 
for the Atmospheric- Nitrogen Corp., at Hopewell, Va., was 
recently transferred from his post as consulting engineer 
of the same company at Syracuse, N. Y. 

Henry L. Kohler, Jr., now a student at the Sheffield Sci- 
entific School, Yale University, previously studied mechan- 
ical engineering at the University of Illinois. 

C. M. Krick is now serving the Roessler & Hasslacher 
Chemical Co., at Niagara Falls, N. Y., as mechanical en- 
gineer. Prior to accepting this position he was a student 
at Purdue University. 

A. F. Leis, now with the American Car & Foundry Motors 
Co., formerly held a position in the engineering depart- 
ment of the Timken Detroit Axle Co. Both companies are 
located in Detroit. 

R. E. Lewton has accepted a position in the chassis engi- 
neering department of the Buick Motor Co., Flint, Mich. 
His previous connection was with the Studebaker Corp. of 
America, at South Bend, Ind., where he was employed as 
laboratory engineer. 

Hans W. Lindemann recently announced his acceptance of 
a position with the Illinois Steel Co., of Gary, Ind. His pre- 
vious connection was with the Delling Motors Co., of West 
Collingswood, N. J., where he served in the capacity of 
designing engineer. 

Frank W. Lovejoy, until recently in charge of coordinat- 
ing development work for the Vacuum Oil Co., of New 
York, has been made a sales executive with that company. 

W. C. Mackenzie, chief engineer of the Acme Motor Co., 
of Cadillac, Mich., has been appointed advertising manager 
of that company. 

Frank H. Macy is now supervisor of service for the P. J. 
Durham Co., Inc., of New York City. Before making this 
connection he was associated with the A. C. E. Shop, Inc., 
of Chicago, as special service representative. 


(Concluded on next left-hand page) 
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‘| A Mechanical Governor 
“| with an Inheritance... 
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O lead an industry, one must build a 
better product. 
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This organization's world leadership has 
been won by the sheer superior merit of 
our Handy and K. P. Automatic Governors, 
universally standard throughout the automo- 
tive field. 
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The same characteristic Handy superiority is 
now being swiftly established in the field of 
mechanically operated governors, by our 


Hand " ERVO  Mechancal Handy Servo. 
y Governor The Servo’s exclusive cam control lifts it to a 


ns 
as 
er 





| 
er | performance level far above your expecta- 
na tions. It gives you every benefit you have 
enjoyed from ordinary mechanical governors, 
plus an ultra-sensitivity, and an inherent 
stability, new to your whole government 


experience. 


re 


. For tractors, harvesters, combines, compres- 


sors, welders, generator sets and all other 
motor-driven agricultural and industria! fil 
machinery, the Handy Servo is a tremendous 

step forward in satisfactory operation. 





Specify Handy Servo Government for your 
future equipment. 


HANDY 
GOVERNOR CORPORATION 


3932 W. Fort St. Detroit, Michigan 
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DEPENDABLE 


In the operation of a complete 
and modern Felt Cutting 
Plant at Detroit, as well as 
four Felt Mills, the American 
Felt Company has provided 
the Automotive Industry with 
an entirely dependable source 
of supply. Quality, uniform- 
ity and quantity are under 
complete control from the 
raw wool to the automobile. 


AmericanFelt 
company 


Boston New York 


Louis 


Chicago Philadelphia 


Detroit San Francisco St 
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OSSERT 
STAMPINGS 


As in the first days of the Automo- 


bile and Truck, reliable stampings 
with dependable deliveries at com- 
petitive prices. 


The Bossert Corporation 
Main Office and Works: Utica, N. Y. 


BRANCH OFFICES: 


Cleveland, Ohio, 605 Swetland Bldg. 
Detroit, Mich., 1122 Book Bldg. 
New York City, 30 Church St. 
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November, 1929 


Personal Notes of the Members 


Concluded 


T. C. Nutter, a former layout designer with the Federal 
Motor Truck Co., of Detroit, has been engaged as a designer 
in the art and color division of the General Motors Corp., 
also in Detroit. 


Wallace F. Oliver has been made chief engineer with the 
Hydraulic Brake Co., of Detroit. His previous post was 
assistant chief engineer with that company. 


Russell F. Overlock, whose former post with the Pure Oil 
Co., of New York, was that of division lubricating engineer, 
is now manager of industrial oil sales. 


Glenn H. Parker'is now associated with the engineering 
department of the Consolidated Aircraft Corp., in Buffalo. 
He is a recent graduate of Purdue University. 


George A. Patterson, previously a student at Ohio State 
University, has been engaged by the Western Electric Co., 
of Chicago, as assistant engineer in engineering develop- 
ment. 


Curt Herman M. Patzig is now a designer with the Fokker 
Aircraft Corp., of America, at Teterboro, N. J. His pre- 
vious connection was with the Patent Development Corp., 
of New York City, as assistant to the chief engineer. 


Frank D. Pease has assumed the position of brake engi- 
neer with the Automotive Fan & Bearing Co., of Jackson, 
Mich. His previous connection was with the Studebaker 
Corp. of America, at South Bend, Ind., where he was labor- 
atory engineer. 


Leon H. Reed has relinquished his post as sales engineer 
of the C. G. Spring & Bumper Co., of Detroit, to enter the 
employment of the General Spring Bumper Corp., also of 
Detroit. 


T. R. Sternberg, former sales engineer of the Bender 
Cowdrey Brake Tester, Inc., with headquarters in Detroit, 
has formed a new connection with the Firestone Tire & 
Rubber Co., of Akron, Ohio, for which he is in charge of 
the brake school and service. 


Herman Stoll, until recently a designing engineer with 
the Chevrolet Motor Co., is now associated with Adam 
Opel, A. G., of Russelsheim on Main, Germany. 


F. B. Stover is now sales and service manager of the new 
Sky Specialties Corp., of Detroit. Prior to making this 
connection he was associated with the Heywood Starter 
Corp., also of Detroit, as secretary and general manager. 


Alexander Tenkowski, former assistant to the plant 
manager in charge of the Wright Whirlwind engine division 
of the Polish Skoda Works, Warsaw, Poland, has been pro- 
moted to the position of works manager of the aviation 
engine factory. 

Cyril A. Wallace-Pitt, formerly manager of the retail 
truck division of the Toronto Durant Co., Ltd., Toronto, 
Canada, is now associated with the used-car division of 
Moore & Hughes, Ltd., of Toronto, in the capacity of man- 
ager and chief appraiser. 


Einar Waller, formerly a designing engineer with the 
General Motors Corp., Detroit, has transferred to new duties 
at Adam Opel, A. G., Russelsheim on Main, Germany. 


John A. Watts, previously an engineer with the Interna- 
tional Motor Co., of Allentown, Pa., now occupies a new posi- 
tion as engineer with the Western Electric Co., of Chicago. 

T. Ellwood Webster, formerly vice-president in charge of 
sales for the Celoron Co., of Bridgeport, Pa., has now turned 
banker and is connected with Cassatt & Co., of Philadelphia. 


Carlton Wolf, who was aeronautic engineer with the Towle 
Marine Aircraft Engineering Co., of Detroit, recently be- 
came identified with Gazley & Lashe, consulting aeronauti- 
cal engineers, in the City of Washington. 


W. E. Zierer has resigned as research assistant at Purdue 
University, Lafayette, Ind., to join the engineering division 
of the Chrysler Corp. at Detroit, where he has been placed 
in charge of engineering data. 





